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THE LINK BETWEEN PSYCHOSOCIAL FACTORS AND
CORONARY HEART DISEASE: A POSSIBLE
NEUROENDOCRINE MECHANISM
Sheila Wang, Ph.D.
Western Michigan University, 1993
Coronary heart disease continues to be the leading cause of death in the
affluent world. Despite identification of several risk factors for coronary heart
disease (age, sex, lipoprotein profile, hypertension, diabetes, cigarette smoking,
obesity), a significant amount of variability associated with the incidence of coronary
heart disease cannot be explained solely on the basis of these risk factors. The
contribution of psychosocial factors to the development of coronary heart disease
(type A behavior, social isolation, traumatic events, unstable social conditions)
continues to be a promising area of investigation. However, a biochemical pathway
linking psychosocial factors to coronary heart disease remains unclear.
The present study investigates the extent to which hormones (epinephrine,
norepinephrine and cortisol) released during emotional arousal contribute to
atherogenesis by enhancing the activity of an enzyme, acylCoA: cholesterol
acyltransferase (ACAT), which esterifies cholesterol in the arteiy wall. Rat hepatoma
cells (Fu5AH) were incubated with [l-l^Q oleate in the presence of epinephrine,
norepinephrine and cortisol in three serum conditions (hyperlipemic, normolipemic
and serum-free medium). Lipid was extracted from the cells and separated. The
radioactivity of the lipid fractions is a measure of the incorporation of [l-l^CJoleate
into phospholipids, triglycerides and cholesteryl ester. A slight increase in cholesteryl
ester synthesis (ACAT activity) was observed across all serum conditions in cells
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incubated with epinephrine compared to controls. Cells incubated with cortisol
showed a decrease in ACAT activity compared to controls.
Despite constancy of well known risk factors, the persistent variability of the
incidence and severity of atherosclerosis needs to be explained. The present finding
that ACAT activity is enhanced by epinephrine, provides a possible mechanism
linking psychosocial factors and coronary heart disease.
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CHAPTER I
INTRODUCTION
The observation that one's response to significant life events, psychological
trauma and chronic stress affects the body's ability to adapt and regulate itself
effectively to maintain health, is not new. There is no question that we are
profoundly affected by psychosocial events. The question is, how are responses to
external events mediated'and translated into metabolic events?
The answer lies in the integrative machinery of the central nervous system.
Stimuli are perceived through the body’s receptors which transform stimulation into
eletrochemical events travelling to the CNS via afferent neurons. Well studied and
mysterious processes, outside the scope of this discussion, occur in the CNS which
dictate efferent outputs. We are endowed with three modes of response: (1) skeletal
muscular nervous system, (2) autonomic nervous system and, (3) endocrine
system, (Figure 1).
The skeletal muscular nervous system controls voluntary muscle actions,
including speech, and enables us to operate in our external environment It is the
most easily observable and measurable response mode and accordingly has been the
most extensively studied.
The constancy of the internal environment is managed by the autonomic
nervous system and the endocrine system. The autonomic system controls cardiac,
smooth muscle and exocrine glands providing moment to moment regulation of heart
rate, blood flow and visceral activity. The endocrine system regulates cell
metabolism and links the brain with every cell in the body through the bloodstream.
1
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Figure 1. Three Effector Systems Mediating Integrative Functions of the Brain
(Mason, 1970). Reprinted by permission of Author.
Mason (1970) noted that some basic general similarities exist in the
principles underlying the functional organization of these three systems responsible
for adaptation.
1. They all appear to be organized on the principle of balance of opposing
forces. Skeletal muscular action is executed by neural coordination of opposing
muscles acting on a given bony lever. The net effects of the autonomic nervous
system result from the coordination of opposing sympathetic and parasympathetic
systems. The metabolic effects of the endocrine system also appear to result from
similar coordination of secretion of opposing hormones (Mason, 1968).
2.

The cental nervous system appears to exert continuous tonicity on these

effector systems which can be increased or decreased by psychologic as well as other
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mechanisms.
How does disease relate to adaptation and regulation of bodily processes? It
is well established that foreign agents such as bacteria, viruses or toxins can enter the
body, disrupt its machinery and produce disease, however, the vast majority of
current health problems, including coronary heart disease (CHD) are not the result of
foreign agents. Could it be that the delicate integrative mechanisms responsible for
regulation and coordination of vast numbers of separate physiological events are
vulnerable to psychosocial stimuli? Mason (1975c) states
In about 20 years we have moved from a view of endocrine systems as
controlled largely by humoral self-regulatory mechanisms to the view that a
wide range of psychologic influences can profoundly affect hormonal balance
on both a short- and long-term basis (p. 14).
Psychosomatic medicine is concerned with the role of adaptive factors in
health and disease, recognizing that psychological and social factors profoundly
influence the integrative mechanisms of the body. In the Presidential Address to the
Psychosomatic Society in 1970, Mason introduced a diagram ( Figure 2) outlining
the various disciplines which must be drawn together effectively in a well
coordinated effort to achieve success in psychosomatic research. His emphasis was
on the interdependence of many diverse approaches, including (a) the social sciences
to provide approaches to the study of epidemiologic and group factors; (b)
psychiatry, clinical and experimental psychology to analyze environmental and
psychologic factors; (c) neuroanatomy, neurophysiology and neurochemistry to
study the neural substratum underlying emotional and related psychologic processes;
(d) physiology and biochemistry to analyze endocrine and autonomic mechanisms;
and (e) biochemistry, pathology, internal medicine and other clinical specialties to
analyze, observe and manage clinical manifestations of disease.
It is in the spirit of the interdisciplinary approach that this review on
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psychosocial factors and coronary heart disease is written. Mason's diagram (Fig. 2)
will serve as a guide for the organization of the data presented as I attempt to
establish (a) an overall relationship between life situations/coping/defenses as
independent variables and CHD as a dependent variable, (b) connections between
life situations/coping/defenses as independent variables and cardiovascular and
hormonal changes as dependent variables

and finally, (c) possibilities of

cardiovascular and hormonal patterns as independent variables related to changes
potentially leading to CHD as dependent variables.

PSYCHIATRY
CLIN. PSYCHOLOGY
LIFE

EXPER. PSYCHOLOGY

SITUATIONS

SOCIAL SCIENCES
EMOTIONS

DEFENSES
NEURAL SCIENCES

PHYSIOLOGY
BIOCHEMISTRY

ENDOCRINE
SYSTEMS

i

AUTONOMIC
N.S.

PHYSIOLOGY

v

<s

CELLULAR FUNCTIONS

BIOCHEMISTRY
PATHOLOGY

□a □
t

INTERNAL
MEDICINE. ETC.

BODILY
DISEASE

Figure 2. Disciplines Which Must Be Integrated in Psychosomatic Research
(Mason, 1970). Reprinted by permission of Author.
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5
Atheroslcerosis and Coronary Heart Disease
Atherosclerosis is a pathologic process of arterial metabolism which
gradually leads to vascular obstruction and which can precipitate coronary heart
disease (including angina pectoris, myocardial infarction, and sudden death).
Atherosclerotic cardiovascular disease continues to be the leading cause of death in
the affluent world (Kannel and Thom, 1979; Levi, 1981) despite the decline in the
incidence of the disease since 1968 (Kannel and Sytowski, 1987).
Despite identification of several "primary" risk factors: (a) sex, (b) age, (c)
plasma lipoprotein profile, (d) hypertension, (e) diabetes melMs, (f) obesity, (g)
sedentary lifestyle

and, (h) cigarette smoking (Kannel, 1966; Neaton and

Wentworth, 1992; Menotti et al., 1992), a substantial amount of the variability in the
incidence of coronary artery disease cannot be accounted for on the basis of these
risk factors alone (Buell and Eliot, 1979; Patel, 1983).
In fact, Kottke et aL (1988) point out, using data from over 5000 men in the
U. S. and Finland that the majority of non-fatal myocardial infarctions and the
majority of deaths from coronary heart disease occur outside of the population
clusters at highest risk.
Although total cholesterol/high-density lipoprotein cholesterol ratios and
low-density lipoprotein cholesterol levels are reported by some investigators to be
more accurate predictors of CHD than total serum cholesterol (Gordon et al., 1977;
Castelli et aL, 1986), many of the most recent epidemiologic studies still find total
serum cholesterol a significant predictor variable for CHD (Neaton and Wentworth,
1992; Lei, 1992; Menotti et aL, 1992).
There are several possible sources of the unexplained variability affecting the
incidence and the severity of atherosclerosis. One area of focus has been the
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relationship between the effects of stress (psychosocial factors) and the progression
of coronary artery disease. Some researchers have found that type A behavior
patterns, including an exaggerated sense of time urgency and competitiveness have
been associated with an elevated risk of coronary artery disease (Rosenman et al.,
1964; Haynes, Feinlieb & Kannel 1980).
Lifestyle changes from more traditional ways to modem ways have also been
correlated with higher blood pressure (Henry and Cassel, 1969) and increased
incidence of coronary heart disease. Japanese Americans who eat an American diet
and follow an American lifestyle have more coronary heart disease than Japanese
Americans who eat an American diet but follow a Japanese lifestyle (Marmot and
Syme, 1976). Human traumatic life events, life dissatisfaction, social rank, anxiety,
neuroticism, social mobility, and lack of social support have all been examined as
making possible contributions to the etiology of coronary heart disease and playing a
role in risk factor modification (Jenkins, 1976; Lebovitz et al., 1967; Friedman et al.,
1974; Seeman and Syme, 1987). However, a biochemical pathway which links
stressful life events and other psychosocial factors to CHD is yet to be discovered.
The most intensively studied psychosocial factor relating to CHD in humans
is the Type A Behavior Pattern (TABP) which will be reviewed in the next section.
Type A Behavior and Coronary Heart Disease
Friedman and Rosenman (1959) formulated a specific overt behavior pattern
(pattern A) which is characterized by excessive drive and competitiveness,
aggressiveness and an enhanced sense of time urgency. They believed that this
pattern, later called Type A Behavior Pattern (TABP), was related to clinical
coronary disease. In 1960, data from over 3,000 middle aged men regarding TABP,
blood lipids and coagulation, body measurements, socioeconomic factors, individual
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habits and cardiovascular status began to be collected annually in the Western
Collaborative Group Study to examine the relationship between TABP and CHD.
By 1964, preliminary evidence indicated that TABP was related to CHD (Rosenman
et aL 1964). In 1976, Rosenman et al. reported that individuals exhibiting TABP
experienced about twice as many clinical CHD events over an eight and one half
year follow up in comparison to those who were assessed as Type B's. The
association between TABP and increased CHD rates was confirmed in the
Framingham study (Haynes, Feinlieb & Kannel, 1980).

The Structured Interview (SI) and the Jenkins Activity Survey (JAS) are the
two most widely used assessments of TABP. In the SI, individuals are asked about
their usual responses to situations that potentially elicit impatience, competitiveness
and hostility. The interviewer attends not only to the content of verbal responses but
also to the expressive style, Le., vocal speed, explosiveness and volume as well as
response to challenge (Rosenman, 1978). In contrast, the JAS is a paper and pencil
self report questionnaire with four standard subscales: (1) Type A, (2) speed and
impatience, (3) job involvement and, (4) hard driving competitveness (Jenkins et al.,
1971).
Several researchers have investigated the relationship between TABP
(assessed by both SI and JAS) and coronary artery atherosclerosis (CAA) among
patients referred for diagnostic coronary angiography. Although most studies
reported a positive relationship between level of CAA and TABP (Blumenthal et al.,
1978; Frank et al., 1978 and Krantz et al., 1979) other studies reported no
relationship (Dimsdale et al., 1979). In 1981, data from epidemiologic studies was
reviewed by a National Heart Lung and Blood Institute Scientific panel and
concluded that the TABP was a significant and independent risk factor for CHD.
However, since that time, several investigators have challenged the strength and

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.

reliability of the association between TABP and CHD (Cohen and Reed, 1985;
Ragland and Brand, 1988). Further, data from recent epidemiologic studies such as
the Multiple Risk Factor Intervention Trial (MRF1T, Shekelle et aL, 1985) indicated
that TABP was not positively associated with incidence of CHD.
To clarify some of the confusion, meta analytic techniques were used to
evaluate the type A-CHD relationship (Booth-Rewley and Friedman, 1987; Lang and
Shedler, 1987). They indicated that the assessment tool used to measure TABP
altered the significance of the association between TABP and CHD. TABP assessed
by the SI was found to be significantly related to initial CHD events and the type A
score derived from the JAS was not a significant predictor. TABP assessed by the SI
was a significant predictor only for initial CHD events; it was not a predictor for
subsequent CHD events in post myocardial infarction patients.
Recent epidemiologic studies from around the world confirm that TABP,
assessed by the SI and the JAS, is a significant risk factor for CHD (Maeda and Ito,
1990; SprafkaetaL 1990;)
Hostility and its relationship to CHD has also been investigated (BoothKewley at aL, 1987; Matthews, 1988). Williams et al. (1980) in a study of 424
patients who underwent diagnostic coronary arteriography for suspected heart
disease, found that hostility scores explained a significant amount of the variability
in the extent of CAA in the sample. Hostility was independently and more strongly
related to CHD than TABP. In an analysis of SI data from the MRFTT study,
Dembroski et al. (1989) observed that though the type A scores failed to predict
increased CHD risk, the hostility component of TABP when isolated and analyzed,
became a significant predictor.
A depressive component of TABP has emerged as a potentially important
factor related to CHD (Booth-Kewley et al., 1987). Thomas et aL (1975) noted that
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medical students who developed CHD 20-30 years later were from a subgroup
vulnerable to depression. Jenkins et aL (1979) observed anxiety and depression in
coronary prone individuals. In a study from Japan, Fukunishi et aL (1992) reports
that Japanese CHD patients with TABP are more likely to have a depression prone
personality.
Summary
Type A behavior pattern, characterized by aggressiveness, competitiveness,
hostility, time urgency and perhaps vulnerability to depression is associated with
CHD. Assessment of TABP by the Structured Interview method appears to be more
reliable than the JAS. TABP is a significant predictor for initial CHD events only.
Experimental investigations examining psychosocial influences on coronary
artery atherosclerosis (CAA) and CHD in animal models will be described in the
next chapter.
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CHAPTER H
REVIEW OF THE RELEVANT LITERATURE
Animal Models of Psychosocial Influences on Coronary Heart Disease
Introduction
Epidemiologic studies are useful for identifying social and behavioral
markers for increased risk of coronary heart disease. However, they are limited in
their usefulness in identifying functional relationships between psychosocial factors
and the progression of atherosclerosis and coronary heart disease.

To answer

questions related to more specific effects, it is necessary to assess coronary artery
atherosclerosis (CAA) at specified time points in relation to psychosocial
manipulations.
Using human subjects for investigation of the effects of psychosocial factors
on CAA is almost impossible for at least four reasons. First, for ethical reasons,
invasive techniques such as coronary artery arteriography cannot be performed on
asymptomatic people. New non-invasive techniques are being developed and tested
such as an ultrafast x-ray cine computed tomographic scanner which allows
visualization of the coronary arteries without injection of contrast material (Coin,
1993). At his point, however, these procedures are not widely available. Second,
long term psychosocial manipulations with strict dietary, personal and physical
guidelines would be very difficult to conduct with human beings and probably
ethically prohibited.

Third, the wide variation of early social experience is a

confounding factor. Fourth, atherosclerosis takes years to develop to the point where
10
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clinical signs and symptoms suggest a diagnosis of CHD (Strong et al., 1972). A
prospective study would require a series of observations over 40 years or more and
even then, without the use of invasive assessment techniques, only the percentage of
subjects manifesting clinical symptoms of CHD could be studied more thoroughly.
Given these constraints, investigators interested in psychosocial factors and
CHD have sought suitable animal models. In reviewing the animal research
investigating the role of behavioral/social factors in atherosclerosis, it is important to
describe the differences between atherosclerosis and other cardiovascular
pathologies.
Atherosclerosis
The artery wall consists of (a) the adventitia, the outer layer of connective
tissue; (b) the media, which contains smooth muscle cells embedded in a matrix of
collagen, elastin and proteoglycans and; (c) the intima, the innermost layer directly
adjacent to the flowing blood composed of endothelium at the luminal surface,
subendothelial extracellular matrix and in some vessels, one or more layers of
smooth muscle cells (White, 1989). Atherosclerosis is a process affecting the intimal
layer of arteries (McGill, 1968). Smooth muscle cell proliferation occurs in the
intima, along with extracellular and intracellular accumulation of lipids and the
migration of monocytes and macrophages into the intima from the blood.
Proposed initiating factors in formation of atherosclerotic lesions are (a)
"response to injury" which means that some form of injury to the endothelium leads
to platelet adhesion and/or monocyte /macrophage migration, and growth factor
release which stimulates smooth muscle cell proliferation (Ross, 1986); (b) smooth
muscle cell proliferation (McMillan and Duff, 1948); (c) monocyte-macrophage
migration (Leary, 1941) and, (d) hyperlipidemia (Solberg and Strong, 1983).
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Lesions progress from early fatty streaks (characterized by the intracellular and
extracellular lipid accumulation) to fibrous plaques. Some fibrous plaques progress
to complicated atheromatous plaques which are characterized by rupture of the
fibrous cap, tissue necrosis, mineralization, hemorrhage and thrombosis. The
atherosclerotic plaque may reduce the lumen of the artery and ultimately
compromise blood flow to tissues supported by the affected vessel; the greater
danger, however, is occlusion of the vessel by a superimposed thrombus which
forms at the surface of a complicated atheromatous plaque. Sections of the plaque
may also break off and form emboli which can compromise blood flow (McGill,
1984). Coronary artery atherosclerosis accounts for the majority of clinical coronary
heart disease cases.
Arteriosclerosis and Other Cardiovascular Pathologies
Several animal studies report arterial changes and lesions which cannot be
defined as atherosclerosis. Indeed some species do not develop atherosclerosis.
Arteriosclerosis is any fibrous thickening of the arteries and may include lesions
characterized by the collection of connective tissue proteins and less often, mineral
deposition between the elastic layers of the arterial media (Manuck, 1986).
Arteriosclerotic changes do not include lipid deposits, intimal cell proliferation and
other specific characteristics of atherosclerotic lesions.
Cardiomyopathy, which results from increased arousal o f the
sympathoadrenal medullary system can be observed by changes in staining
characteristics, separation of myocardial fibers, fragmentation, fibrosis and necrosis
of cardiac tissue (Henry, 1982).

Other dependent variables used to assess

cardiovascular pathology in animals are heart enlargement, cardiac arrythmias, other
electrocardiogram abnormalities and sudden death.
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13
Choosing an Animal Model of Atherosclerosis
The choice of an appropriate animal model depends on its similarities to
human beings in regard to the morphologic and physiologic characteristics of the
development of atherosclerotic lesions and to the presence of environment/behavior
interactions analogous to those speculated to be important in the pathogenesis of
CAA in human beings (Manuck et al., 1987). The social behavior of animals can be
broadly characterized into two categories: (1) territorial in which animals protect a
certain location with variable behavior toward others or, (2) hierarchical in which a
stable dominance hierarchy is formed, social alliances form, and aggression becomes
ritualized and predictable such that overt fighting is minimized (Collias, 1944).
Investigators have used a variety of animal models including chickens
(Uhley, 1957), pigeons (Prichard, 1967), cockerels (Pick, 1963), rabbits (Nerem et al,
1980), mice (Henry et al, 1969 and 1971; Ely, 1981), swine (Ratcliffe, 1969),
squirrel monkeys (Lang, 1967 and St. Clair, 1967) and cynomolgus monkeys
(Kaplan et aL 1983 & 1985, Hamm et al. 1983, Manuck et al. 1983). These studies
are summarized in Table 1.
Tissue Preparation Methods
Results from these studies are difficult to compare because the methods used
to prepare coronary arteries and quantify CAA. In general, after the animals are
sacrificed, the heart and coronary arteries are removed and fixed (with 10% neutral
buffered formalin).

Cross sections of the arteries are usually stained with

hematoxylin and eosin examined. When the heart is removed from the animal, the
coronary arteries may collapse, so that when they are fixed, it is difficult to make
accurate measures of lesion size in relation to the size of the arterial lumen
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Animal Models o f Psychosocial Influences on Atherosclerosis

AUTHOR

SUBJECT

DIET

LENGTH OF
STUDY

PSYCHOSOCIAL
INDEPENDENT
VARIABLE

prohibited without p erm ission.

1) passive > aggressive
2) no significant difference

increased "social pressure"
from greater population
densities

intimal thickening

increased frequency of CAA
among birds and mammals at
autopsy: 1916-1931: 2%
1931-1946: 18%
1946-1956: 22%

sajhe as above

same as above

locations of intimal lesions

from 1945-1955, lesions
changed from large atheromas
in proximal aorta to intiittal
lesions in coronary arteries

5-8 weeks

Social environment:
isolation vs. group housing

1) % of coronary arteries exhibiting
1) isolated > control (pc.OOl)
lipid staining
2) isolated > control (p< 01)
2) grade of aortic lesion
(0-4+)

chickens n=21

5% fat
2% cholesterol

15 weeks

Classification:
aggressive vs. passive

Ratcliffeelal., 1958

birds n=7660
mammals n=3360

stable, normal from
1936-1956

observations for
over 30 years

Ratcjiffe etal., I960

same as above

same as above

Pick etal., 1963

cockerels n=96

5%fat
1% cholesterol

squirrel monkeys
n=18

• FINDINGS

1) %coronary vessels exhibiting
lipid stain
2)
avg aortic cholesterol

Uhley etal.,1957

Lang, 1967

MEASURE OF
ATHEROSCLEROSIS
DEPENDENT VARIABLE

8% Tat, 0.5% chol
increased to 14% fat, 25 months
1% chol at 20 months

Levels of stress:
1) psychic stress (avoidance
training in Skinner box, 1
hr/day, 5 days/wk; exposure presence/absence of coronaty
to shock),
2) control
artery atherosclerosis
stress (no shock or avoidance,
but in Skinner box same freq
as above) 3) cage controls

1) psychic stress: CAA present
in 5 of 6
2)
control stress: CAA present in
4 of 6
3)
cage controls: CAA present 0
of 6
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AUTHOR

SUBJECT

DIET

LENGTH OF
STUDY

PSYCHOSOCIAL
INDEPENDENT
VARIABLE

MEASURE OF
ATHEROSCLEROSIS
DEPENDENT VARIABLE

Social environment:
1) isolated males and females "heart scores’o combination of
frequency and grades of stenosis of
2) male/female pairs
3) groups (8 males, 4
coronary arteries
females)

FINDINGS

prohibited without p erm ission.

Ratcliffeetal., 1969

pigs n=37

whole milk=50% of
cat; whole com and
approx, 1 year
protein/mineral
concentrate

Hemy et al., 1971

mice n=40

lab chow

6 months

Social environment:
special population cages
(socially stimulated) vs.
control cages

Ely et al., 1981

mice n=51

lab chow

4 months

Classification by status
dominant vs. submissive
aortic arteriosclerosis
(housed in special population
cages)

Neremetal., 1980

rabbits

2% cholesterol

6 weeks

Social environment:
special attention vs. normal
lab care

% aortic surface exhibiting lipid
stain

control > special attention
(p=.015)

Gow et al., 1982

rabbits n=18

2%cholesterol

5 weeks

Social environment:
special attention vs. normal
lab care

% aortic surface exhibiting lipid
stain

no significant difference

1) isolated animals > pairs
and groups
2) pairs > groups
(P<.05)

1) socially stimulated >
1) degree of stenosis of intramural
controls
coronary vessels
2) socially stimulated >
2) aortic arteriosclerosis score
controls

score

dominant p submissives
(P<05)
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PSYCHOSOCIAL
INDEPENDENT
VARIABLE

MEASURE OF
ATHEROSCLEROSIS
DEPENDENT VARIABLE

22 months

1) Social environment:
unstable vs. stable
2) Social status:
dominant vs. subordinate

1) mean intimal area of coronary
arteries
2) lumen stenosis of coronary
arteries

1) dominant/unstable > all
other groups (p=.034)
2) dominant/unstable>all
other groups (p=.003)

21 months

Social environment:
unstable vs. stable

1)mean intimal area
2)
intimal thickness
3) grade o f arterial lesion
(0-2)

1) unstable > stable (pc002)
2) unstable > stable (pc,02)
3) unstable > stable (p<.05)

16 months

1) Social status: dominant vs. 1) coronary artery lumen stenosis
2) 9b aortic surface occupied by
subordinate
2) Gender: male vs. female
lesion

30 months

1) Social environment:
stable vs. unstable
2) Social status:
dominant vs. subordinate
3) Gender: male vs. female

ivN rrnnv
AUTHOR

Kaplan etal., 1983

SUBJECT

DIET

439b fat
cynomolgus monkeys ^ 3^mg

c ™

choleaterol/Cal

Kaplan etal., 1983

Hamm etal., 1984

cynomolgus monkeys low fat
n=30
low cholesterol

459b fat
cynomolgus monkeys o j g mg
choIesterol/Cal

Kaplan etal., 1984

cynomolgus monkeys
„-42

449b fat
cholesterol/Cal

FINDINGS

1) males > females (p=.008)
sub > dom (p=.001)
2) sub > dom (p=.001)
thoracic aorta

1) all males > all dominant
females (p=.021)
1)mean intimal area
2)
grade of arterial lesion (0-3) 2) all sub females > all dom
females (p-007)

o\

or to quantitate the percentage of stenosis. Few studies have reported pressure
perfusion of coronary arteries with a fixative at physiological pressure in order to
prevent arterial collapse. Aortic tissue samples are typically prepared by talcing
longitudinal sections and staining them for lipids. Psychosocial manipulations are
not easily quantified across studies or across species and are therefore also difficult
to compare. A more detailed discussion of animal models and descriptions of studies
investigating psychosocial influences on atherosclerosis follows.
Birds
Among birds, pigeons have been used most extensively in atherosclerosis
research. In fact, different strains of pigeons have been developed for that purpose.
Pigeons offer the advantage of being easy to manipulate, inexpensive to
maintain and live 15-20 years under lab conditions.
The arterial lesions found in pigeons are similar to those found in human
beings and tend to become complicated with deposits of calcium, hemorrhage,
vascularization, elastic fiber degeneration with thickening of media, adventitial
collections of lymphocytes, and ulceration with thrombis formation (Prichard et aL
1964). Show Racers are available as hypo- or hyperresponsive to the development
of hypercholesterolemia in response to dietary cholesterol, and for exhibiting
extensive coronary artery atherosclerosis and minimal aortic atherosclerosis
(Clarkson et al., 1965). The White Cameau breed develops clinically significant
atherosclerosis while maintained on its naturally preferred diet of grain (Clarkson et
al., 1963) and is a good model for studying the effects of many experimental
manipulations on lesion development
Pick et al. (1963) found that when cockerels were fed an atherogenic diet
while isolated in single cages, a highly unnatural environmental situation for
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cockerels, atherosclerosis development was increased independent of plasma
lipoprotein levels compared to group housed birds. Disturbing the "pecking order"
had no effect the development of atherosclerosis.
Other birds develop atherosclerosis in their natural state as well as in
captivity. Ratcliffe et al. (1958) reviewed the autopsy records of 65 families of birds
at the Philadelphia Zoological Garden. They analyzed incidence of coronary artery
atherosclerosis across time. During the period from 1916-1931 only 2% of birds at
autopsy had developed arteriosclerosis, defined as intimal thickening with or without
lipid accumulation. In 1935, the diets of the birds were upgraded and controlled; this
resulted in longer life spans and an increase in arteriosclerosis found upon autopsy.
From 1946 to 1956, after diets had been stabilized for over 10 years, population
density had increased and mean ages had decreased to the levels found before 1931.
Also, the rate of arteriosclerosis had increased by 20-fold. These increases in
arteriosclerosis were independent of age and diet but were associated with the
increases in population densities, suggesting that "social pressure" had become a
major factor in the progression of arteriosclerosis.
In a later paper, Ratcliffe et al. (1960) reported that the character and location
of arterial lesions in the birds had also changed. In the first decade after the
improved diet, large atheromata of the proximal aorta were replaced by smaller more
compact lesions, usually of the abdominal aorta. In the second decade of improved
nutrition, arteriosclerosis became relatively common, developing in distal, intramural
segments of coronary arteries as intimal thickening and occlusion which can lead to
myocardial infarctions. Coronary arteriosclerosis was virtually absent for about a
decade after the diet was changed, so its frequency did not appear to be related to
diet Ratcliffe concludes that CHD represents a response of adequately nourished
animals to increased population densities.
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Flock dwelling birds are socially organized in linear hierarchies. Because
birds mature rapidly, the pecking order behavior found in bird hierarchies tends to be
in large part innate with little influence of social learning on experience (Etkin,
1964). Social cooperation and complex behavioral interactions play a small part in
the hierarchies formed. Therefore, studying the effects of psychosocial manipulations
in birds which are relevant to human social environments and behavior may be
unproductive.
Rodents
Mice and rats generally do not develop atherosclerotic lesions. Morrisett et
al. (1982), reported as an exception, the finding that the C57BR/cdj strain of mice
are susceptible to atherosclerosis under extreme dietary conditions. CBA/j mice are
resistant to dietary induced atherosclerosis but do develop arteriosclerosis and have
been used in studies investigating effects of social stimulation.
A creative psychosocial manipulation was designed by Henry et al. (1967). It
involved housing CBA mice for 6-17 months in special population cages with
narrow interconnecting tubes and a single central feeding and watering area. This
housing arrangement (the "socially stimulated" condition) forced social interaction
among the animals in order to obtain food, water and access to a mate.
Mice from three rearing conditions were housed in the "socially stimulated"
environment in order to expose them to prolonged stressful social interactions
(Henry et al., 1971). One group was reared in isolation in glass jars, another group
was previously reared together as siblings in stock boxes and the third group was
previously reared in the socially stimulated cages. The inadequate social experience
of formerly isolated animals affected their ability to cope with the repeated social
confrontation evidenced by increased injuries from bites and scratches. It appears
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that the forced social confrontations inhibited the development of social stability in
the colony.
All of the socially stimulated mice were compared with controls housed in
standard boxes or maintained in isolation jars for their entire lives. The socially
stimulated animals showed significantly greater luminal reduction in coronary
arteries compared to controls as well as more severe myocardial fibrosis. Henry et
aL (1971) points out that population density was not a contributing factor in this
study because the socially stimulated animals were provided with as much or more
space than the control groups.
Rodents are basically territorial (Etkin, 1974), although some species (e.g.,
the CBA strain employed in Henry's studies) form stable hierarchies. The social
complexity of dominants tolerating submissives and cooperating with them in
affiliative interactions is rare (Brown, 1966). The submissive-dominant behavior
dimension has been found to be associated with changes in both blood pressure and
coronary arteriosclerosis. Ely (1981) showed that dominant CBA/j mice housed in
"population cages" for four months showed significant rises in blood pressure and
increased aortic arteriosclerosis compared to subordinate and control animals.
Rabbits
As early as 1908, rabbits have been used as models for atherosclerosis.
Ignatowsky produced intimal lesions resembling human atherosrclerosis by feeding
rabbits diets of milk, meat and eggs (Ignatowsky, 1908). It was first concluded that
the high level of animal protein in the rabbit’s diet was responsible for the lesions.
Later, it was suggested that the fat portion of the diet was contributing to
atherogenesis and then finally cholesterol was identified as the causative factor.
Interestingly, rabbits fed a diet with added cholesterol but without added fat
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sometimes develop more severe atherosclerosis than do others fed cholesterol with
added fat (Kritchevsky, 1970). This may be due to the mobilization of endogenous
fat stores which are more highly saturated than the usual dietary fats. Therefore the
degree of saturation of dietary fat used to induce atherosclerosis in the rabbit is an
important consideration.
Rabbits exhibit coronary atherosclerosis after approximately one month of
consuming a high cholesterol (1-3%) diet alone or consuming a combination of high
cholesterol and high fat diet (5-15%). The distribution of coronary lesions is
reported to be different from that observed in man. In rabbits, small intramyocardial
branches are affected primarily; lesions in large, proximal coronary arteries are more
rare (Prior et aL, 1961). Coronary artery lesions similar to those in humans were
produced by Wilson et al. (1982) after five years of feeding rabbits a diet comparable
to that consumed by humans in North America. Rabbits appear to be a very useful
animal model for atherogenesis, particularly for studying the relationships between
hyperlipoproteinemic and immune complex damage to the endothelium and to
atherogenesis (Kaplan et al., 1985).
Nerem et al. (1980) reported an interesting finding regarding the effects of
the social environment on atherogenesis which has not been confirmed
independently. Cholesterol-fed rabbits provided extra daily attention and physical
coddling by a familiar investigator developed less extensive aortic atherosclerotic
lesions than rabbits given no individual treatment or attention. Gow et al. (1982),
could not replicate this finding.
Rabbits are basically territorial. Rabbit warrens are communal in nature,
however, males typically maintain exclusive access to the nesting areas of one or
more breeding females. Few investigations of the effects of psychosocial stimulation
on atherosclerosis in rabbits have been reported.
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Pigs
Pigs have been regarded as a preferred model for atherosclerosis because of
the similarity of their plasma lipoproteins and the anatomic distribution and character
of their atherosclerotic lesions to those seen in humans (Kaplan et al., 1985). Pigs
also readily accept the kinds of diets consumed by human beings. Because of their
size, pigs can be difficult to work with to obtain blood samples, etc. Despite this
problem, extensive data have been published on many aspects of atherosclerosis in
pigs (Skold & Getty, 1961; Ratcliffe & Luginbuhl, 1971; Gerrity et al., 1979;
Gerrity, 1981). Both domestic and miniature pigs develop atherosclerosis naturally
with increasing age. The addition of fat and cholesterol to the diets induces a modest
hyperlipoproteinemia which hastens atherogenesis. A combination of arterial injury
and atherogenic diet produces a more rapid production of large lesions as well as
lesions at particular sites (Fritz et al., 1980). Regression studies using this
combination technique have shown that plaques are reduced in size following
withdrawal from an experimental atherogenic diet and that unesterified cholesterol
leaves atheromatous plaques more readily than does cholesteryl esters (Daoud et al.,
1981).
Ratcliffe et a l (1969), prompted by observations at the Philadelphia Zoo that
increased arteriosclerosis in birds and mammals correlated with "social pressures",
studied the effects of social manipulations on arteriosclerosis in swine for
approximately one year. The animals were divided into four different housing
groups: (1) individually housed male pigs, (2) individually housed female pigs, (3)
paired male and female pigs and, (4) two groups of 12 pigs, 8 males and 4 females.
"Heart scores" consisting of grades of stenosis and number of arteries affected were
calculated for each animal Coronary heart scores were lowest for pigs housed in
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groups, intermediate for pairs and highest for separated animals, especially separated
females. The frequency and severity of coronary heart disease was not related to
population density. It appears that the social situations most clearly associated with
CHD in animals of the Philadelphia Zoo and in this study are ones which prevent
development and expressions of characteristic species specific behavior patterns.
Pigs establish stable dominance hierarchies usually through aggressive
interaction, however, once the order is established, pushing, butting or occasional
biting replaces overt fighting. Dominance orders are mutually recognized by
olfaction and regulate access to resources such as food, space and sexual partners.
Subordinates are tolerated by dominants and are allowed to retaliate when attacked
(Dantzer and Mormede, 1986).
The pathologic similarities of atherosclerosis, the sensitivity to psychosocial
manipulations, the economic considerations (compared to primates) and the
convenience of their reduced size makes the miniature pig a very attractive model for
studying psychosocial influences on atherogenesis.
Monkevs
In an overview of animal models of behavioral influences on atherogenesis,
Kaplan et al. (1985) consider non-human primates as the most appropriate for
atherosclerosis research.

The pathologic characteristics of the arterial lesions

developed in some non-human primates with dietary manipulations result in a pattern
of atherosclerosis closely related to that in human beings. Selective breeding
programs are in progress to enhance atherosclerosis characteristics similar to those in
humans and to repress those not found in humans.
Squirrel monkeys and rhesus monkeys have been extensively studied in
atherosclerosis research ( Taylor, 1962 and Clarkson et al., 1976), and well studied in

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.

psychosocial research. Studies regarding the effects of psychosocial interventions on
atherosclerosis, however, have been rare.
Lang (1967) investigated the effects of "psychic stress" on the development
of atherosclerosis in squirrel monkeys. The monkeys were fed a mildly atherogenic
diet (8% fat and 0.5% cholesterol) for 20 months at which time none of the animals
showed sustained hypercholesterolemia. Consequently, the dietary fat and
cholesterol were increased to 14% and 1.0% respectively. Eighteen animals were
randomly divided into three groups: (1) a psychic stress group, (2) a box control
group and, (3) a cage control group. Each animal in the first two groups was placed
in an operant chamber for 1 hour per week, 5 days/week. During this time the
monkeys in group 1 were exposed to the Sidman avoidance procedure in which the
animal had to press a lever on a certain time schedule to avoid a two volt shock.
Group 2 animals were not exposed to shock or the avoidance procedure but were
exposed to daily capture and handling as well as restraint in the operant chamber.
Group 3 animals were left in their cages for the 25 months of the experiment
Coronary atherosclerosis was exhibited in five of six monkeys in group 1 (psychic
stress) and four of six monkeys in group 2 (restraint controls) while it was not
detected in any of the six monkeys in group 3 (normally caged controls).
Pigtail macacques have been used more extensively in research on
neurophysiologic control of cardiovascular function than as a model for
atherosclerosis, yet some interesting findings have been reported on ethanol
ingestion in relation to levels of plasma lipoproteins and extent of atherosclerosis. In
1978, Leathers et al. reported that high-density lipoprotein concentration increased
and the molecular weight of low-density lipoproteins decreased in pigtail macacques
after ingestion of ethanol. Later, in 1981, Rudel et aL further reported that these
ethanol induced changes in plasma lipoproteins were correlated with significant
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decreases in coronary artery atherosclerosis.
Cynomolgus macacques exhibit naturally occurring atherosclerosis. They
accept experimental diets well and develop atherosclerotic lesions with similar
pathologic characteristics to man. These monkeys have a relatively high frequency
of myocardial infarction, exhibit differences in susceptibility to CAA between males
and females, and are a conveniently sized animal to work with.
Behaviorally, monkeys offer many characteristics that are attractive to
psychosocial researchers: (a) they live much longer (often to 20-30 years) than
rodents, birds, rabbits and swine; (b) they have a long juvenile period during which
much social learning and training takes place and; (c) they typically dwell in
complex, hierarchically organized social groups involving patterns of affiliation
based on generational kinship and peer associations (Kaplan et aL, 19S5); (d) unlike
many birds and rodents, relatively few young are produced but the offspring are well
nurtured and trained; (e) monkeys exhibit anxiety when exposed to appropriate
social manipulations, (f) monkeys show significant plasticity in behavior, (e.g., to
the point of establishing different behavioral traditions among the same species).
Dominance hierarchies in monkeys are more complex than those of other
animals and display certain similarities to human hierarchies. An important
commonality is the "ability of both human beings and some species of non-human
primates to establish, accept and utilize hierarchical relationships among individuals"
(Kaplan et al., 1985, p. 137). Monkeys tend to survive well despite repeated
conflicts over food, space and access to mates because of their ability to recognize
dominance relationships and to display aggression, alliance and submission in
reference to those relationships. Maintenance of the social system is mediated by
well developed behavioral sequences including ritualization of fighting via an
elaborate repetoire of motor patterns and facial expressions as well as complex
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coalitions for defense enabling subordinate animals to live successfully in the
presence of dominant animals (Kaplan et al., 1985).
The most and extensive work in biobehavioral investigations of atherogenesis
have been done using cynomolgous macacques at the Arteriosclerosis Research
Center of Bowman Gray School of Medicine in North Carolina. Macacques develop
complicated atherosclerotic lesions in the main branch coronary arteries, the aorta,
and carotid arteries similar to human beings when fed a diet approximating that
consumed by North Americans. They live successfully in large groups and establish
hierarchies of dominance with networks of affiliation and coalition which serve to
minimize overt aggression.
The psychosocial intervention used by the Bowman Gray group is based
upon the observation that the introduction of unfamiliar monkeys into an already
established social group is perceived as a threat to existing associations and intense
fighting occurs in an attempt to reestablish generalized hierarchical relationships and
affiliative coalitions (Bernstein, Rose & Gordon, 1974). It is hypothesized that the
social disruption accompanying a deliberate introduction of strangers into established
primate groups enhances the development of atherosclerosis and, further, that the
severity of atherogenesis varies among individuals as a function of their social status
in the group.
Two experiments were designed to investigate this speculation (Kaplan et al.,
1982 and Kaplan et al., 1983). In both studies, monkeys were assigned to unstable
(stressed) and stable (control) social conditions for a period of 21-22 months. All
animals were housed in identical pens with outdoor exposure. The unstable
condition involved reorganization by redistribution of animals among three groups of
five monkeys every 12 weeks during the first year and once every four weeks
thereafter. An ovarectomized, estrogen-primed female was also introduced to the
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unstable group for half of each four week period in the final ten months to enhance
social uncertainty among the animals. The stable condition animals, in contrast,
were housed in groups of fixed membership with no exposure to females or
unfamiliar animals. Behavioral ratings of dominance were collected periodically
using standard focal sampling techniques to establish dominant and submissive
status and to record affiliative and aggressive behavior. Each animal was observed
for approximately 50 hours. Winners and losers of confrontations were recorded as
well as rates of affiliative acts, aggression, grooming, etc.
In the first study, monkeys consumed a diet similar to that of an urban North
American male (43% fat and 0.34% chol/Cal). In the second study, monkeys were
fed a low fat and cholesterol diet
After necropsy, the heart was removed and the coronary arteries were
perfused with a fixative at lOOmg Hg and then stained for lipids. Mean intimal area
was calculated from 15 sections of coronary artery, five from the left anterior
descending, five from the left circumflex and five from the right coronary arteries.
Intimal area included intima and/or intimal lesion defined as the area between the
internal elastic lamina and the lumen of the artery.
In Experiment 1 the monkeys were fed a moderately atherogenic diet and
housed in stable vs unstable social environments. Results indicated that dominant
monkeys from unstable social groups exhibited substantially greater CAA than all
other monkeys, Le., subordinate monkeys in the unstable social group, and dominant
and submissive monkeys in the stable group.
The purpose of Experiment 2 was to determine whether the atherogenic
changes as a result of social manipulations in the first experiment would be present
in monkeys fed a low fat, low cholesterol diet In contrast to Experiment 1, ratings
of dominant and subordinate monkeys in the unstable group were not consistent over
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time so comparisons were made solely on the basis of stable vs unstable social
conditions. In general, the intimal lesions observed in this study were much less
extensive and therefore in addition to intimal area, two more indices of CAA were
used: (1) intimal thickness, defined as the maximum distance at any one point
between the internal elastic lamina and the lumen of the artery and, (2) a three-point
visual grading of the severity of arterial lesions judged by investigators blind to the
conditions of the experiment All three measures of CAA revealed significantly
greater coronary artery atherosclerosis in monkeys housed in the unstable group
relative to the stable group. The extent of atherosclerosis in both studies was
independent of the monkeys' blood pressure or lipoprotein profile.
The effects of dominant status and social stability among female monkeys
were studied by Hamm et al. (1983). They reported that subordinate female
cynomolgous monkeys fed a high cholesterol diet developed more severe CAA than
dominant females in both stable and unstable groups.

Summary
The evidence presented thus far supports the notion that psychosocial factors
contribute to CHD. It is clear that in many species, psychosocial factors (e.g.,
isolation and unstable social environments), especially those that disturb species
specific instinctual behavior patterns, are correlated with cardiovascular pathology.
The most convincing evidence for increased atherogenesis as a result of social
disruption is found among the studies using an animal model most similar to
humans, the non-human primate. The presence of increased dietary fat and
cholesterol appears to enhance psychosocial effects on CAA. What is not so clear is
the mechanism by which these effects are mediated.
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Physiologic Changes as a Result of Psychosocial Stimulation
Referring back to Figure 1, psychosocial stimuli are processed by the CNS
where arousal and anti-arousal forces (coping, defenses) result in output to three
effector systems; the musculoskeletal system which mediates change in the external
environment and the autonomic and endocrine systems which mediate change in the
internal environment Therefore, the autonomic nervous system and the endocrine
system have been the foci for researchers investigating the mechanisms by which
psychosocial factors affect the development of coronary heart disease.
The peripheral autonomic nervous system is made of parasympathetic and
sympathetic neurons which innervate cardiac smooth muscle and exocrine glands.
The sympathetic nervous system is activated in response to, or, in anticipation of
situations evoking fear, anger, uncertainty or demanding physical exertion. The
parasympathetic nervous system governs the vegetative aspects of day to day living.
Cannon (1914) established the association between sympathetic nervous
system activity and emotional states. In several experiments with cats, he, de la Paz
and others found that a cat placed in a holder, physically safe but frightened by a
barking dog secreted "adrenalin" measured by an intestinal biostrip assay (Cannon,
1911).

His observations led to the notion that psychological stimuli evoking

anticipation of fear, rage or pain elicit a "fight or flight" response which results in
increases in heart rate, blood pressure, cardiac output, redistribution of blood flow
from splanchnic beds to skeletal muscles, myocardium and brain, lipid mobilization,
renin secretion and secretion of norepinephrine and epinephrine from the adrenal
medulla. Cannon deduced that activation of the sympathetic adrenalmedullary
system serves an "emergency function" because many of its physiologic and
metabolic consequences are "directly serviceable in making an organism more
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effective in the struggle in which fear or rage or pain may be involved" (Cannon,
1914, p. 372).
Cannon conceptualized the amazing consistency of the internal milieu of the
body as a dynamic homeostasis with second to second adjustments to stimuli. He
realized that emotions exerted powerful effects on physiology. In his words,
Probably before many years have passed we shall have satisfactory tests for
internal secretions, ana then shall know better the total expression of an
emotional storm in our own bodies (Cannon, 1922, p. 28).
The endocrine system regulates cell metabolism. Unlike the autonomic
nervous system which affects smooth and cardiac muscle and exocrine glands,
hormones exert their effects on every cell in the body. Central nervous system
connections to the endocrine system are illustrated in Figure 3.

Growth
Hormone

Thyroxine
Vosopressin Oxytocin
(ADH)
Cortisol
Androgens

Insulin

Estrogens

Aldosterone
Epinephrine
Norepinephrine

Figure 3. Points of Contact Between the Central Nervous System and the Endocrine
System (Mason, 1974). Reprinted by permission of Author.
The endocrine system functionally links central nervous system activity with
every body cell. Mason (1975c) states:
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The superimposition of such complex and idiosyncratic psychological factors
as emotion, defensive style, and neurotic processes on virtually all bodily
functions via the neuroendocrine machinery deserves prime suspicion in our
search for fallibility or proneness to disease (p. 14).
Hundreds of studies have demonstrated the responsiveness of the pituitaryadrenal cortical system (resulting in increased circulation and excretion of cortisol)
to a variety of naturalistic and laboratory situations, including arithmetic tasks,
stressful and other kinds of films, underwater diving, pilot and paratrooper training,
stressful interviews, avoidance conditioning and anticipation of extreme exercise and
surgery (Price et al., 1957; Mason, 1968; Rubin et al., 1969; DeWied et al., 1972;
Frankenhauser, 1975; Henry et aL, 1981).
It is evident that the pituitary-adrenal cortical system can be powerfully
affected by psychosocial influences, especially in situations which involve novelty,
uncertainty, unpredictability (Mason, 1968), ineffective coping and loss of control
(Henry, 1983).
Even subtle changes in environmental conditions produce alterations in
adrenal cortical responses. Mason (1975) showed that in monkeys, urinary
corticoids reflected the day to day activities in the lab where they were housed. On
Monday, corticoids were the highest, fairly stable from Tuesday to Friday, then
decreased by 30% on weekends when people were absent.

Under some

circumstances suppression of the adrenal cortical system can also occur such as when
certain psychological defenses are used effectively to counter arousal (Wolff et al.,
1964).
The sympathetic adrenal medullary system which primarily secretes
epinephrine and lesser amounts of norepinephrine, is also quite responsive to
psychosocial stimuli. Norepinephrine has a dual role as a neurotransmitter for
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adrenergic neurons of the sympathetic nervous system and as a hormone. Since the
physiological aspects of circulating norepinephrine relates to its role as a hormone, it
will be included in this discussion of the sympathetic adrenal medullary system.
Investigations measuring catecholamine responses have been similar to those
described for cortisol including the effects of aircraft flight, paratroop training,
watching different types of films, physical tasks, mental tasks, exams,
hospitalizations and public speaking (Elmadjian et aL, 1957; Mason, 1968; Taggart
et aL, 1973; Frankenhauser, 1975; Engel et aL, 1980; Ward et aL, 1983).
Dissociation between levels of norepinephrine and epinephrine in relation to
psychosocial stimulation has been reported by several investigators (Funkenstein,
1956; Elmadjian et aL, 1957; Mason, 1961; De Boer, 1990). Selective epinephrine
secretion appears to occur in situations that (a) arouse anxiety or fear, or (b) include
novelty or uncertainty. Selective norepinephrine secretion appears to occur in
response to familiar but unpleasant tasks, anger and aggressiveness or any physical
exertion.
Elmadjian et aL (1957) provided an interesting example of the dissociation of
catecholamines. He measured catecholamine excretion in hockey players, some of
whom played the game while others watched. The results showed significant
elevations in norepinephrine (NE) and smaller increases in epinephrine (E) excretion
during play (larger NE/E ratio) as compared with significant elevation of epinephrine
excretion only in the physically passive condition (smaller NE/E ratio). Discussion
of active and passive responses to psychosocial stimuli will be expanded in a later
section.
Summary
The autonomic nervous system and the endocrine system demonstrate
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sensitivity and responsiveness to psychosocial stimuli and represent the two
pathways by which psychosocial factors can influence the development of CHD.
Mechanisms by Which Psychosocial Factors May Contribute to
Coronary Heart Disease
Review of the research investigating mechanisms by which psychosocial
factors may nfluence CHD will be divided into two sections: (1) research relating
psychosocial factors to increased CHD mediated by an increase in risk factors, i.e.,
increased cholesterol levels and increased blood pressure and; (2) research relating
psychosocial factors to increased CHD not mediated by risk factors (Figure 4).

Psychosocial Factors

Emotional Arousal

Cardiovascular and Neurohormonal responses

Increased risk factors: total cholesterol
and blood pressure

No increase in risk factors

INCREASED CORONARY HEART DISEASE

Figure 4. Psychosocial Factors May Lead to Increased Coronary Heart Disease
Through Enhancement of Risk Factors or Through Other Mechanisms.
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Possible Mechanisms bv Which Psychosocial Factors Contribute to CHD Mediated
bv Increased Risk Factors
It has been proposed that psychosocial factors contribute to atherogenesis and
CHD by increasing established risk factors such as cholesterol level and blood
pressure.
Psychosocial Factors and Increased Cholesterol
Many investigators have reported relationships between psychosocial stress
and serum or plasma cholesterol. Friedman, Rosenman and Carroll (1958) studied
the effects of cyclic occupational stress upon serum cholesterol and blood clotting
time in male accountants while meeting tax deadlines and at less stressful times.
They found that each subject's highest serum cholesterol level occurred during severe
occupational or other stress and his lowest at times of minimal stress. Blood
clotting times also were markedly accelerated during times of maximum
occupational stress as compared to normal blood clotting during baseline
occupational stress. The results occurred independent of changes in diet, exercise or
diet In 1959, Grundy and Griffin studied medical students during academic final
examinations and reported a significant increase in the mean total serum cholesterol
levels during examination periods as compared to control periods of relaxation.
Peterson et aL (1962) reported hourly variation in serum cholesterol concentration
and that significant changes in serum cholesterol may relate to the anticipation of
stressful events as well as to the event itself. In a longitudinal study, Rahe et al.
(1971), reported significant positive correlations between serum cholesterol and
reported feelings of depression, anger and fear in naval trainees.
In a review of over 60 studies investigating plasma lipid responses to
emotional arousal, Dimsdale and Herd (1982) concluded that "in the astonishingly
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different situations that have been examined, the studies yield similar findings,
suggestng a robustness to the association between emotional arousal and plasma
lipids" (p. 229). Their summary included the following findings: (a) free fatty acids
almost invariably increased in response to stressful events, 0)) there was no
consistent pattern of triglyceride response to emotional arousal and, (c) though
cholesterol levels may be highly variable, most studies found cholesterol increases
from 8-65% above baseline under stressful conditions. Thomas et al., (1985)
reported that among 256 healthy elderly adults, individuals with good social support
systems determined by a social interaction scale tended to have lower serum
cholesterol and uric acid levels and higher indicies of immune function measured by
total lymphocyte count These relationships were independent of age, body mass,
tobacco use, alcohol intake and degree of perceived psychological distress. Weidner
et al., (1987) assessed hostility, Type A behavior and plasma lipids in 282 women
and men and reported that individuals scoring high on Type A behavior as well as
hostility had an elevation of total and low-density lipoprotein cholesterol after
contolling for age and body mass index. These findings were replicated in a one year
followup.
Relationships between cholesterol levels and individual behavioral traits have
also been examined. In 1959, Friedman and Rosenman observed that extreme Type
A men had higher cholesterol levels than Type B males. Most studies confirm this
finding (Friedman et al., 1960; Komitzer et al., 1977)., however, some studies found
no A-B difference (Keith et aL, 1965 and Friedman et al., 1968).
van Dooman (1980) suggests that the coronary prone behavior pattern
includes not only Type A behavior but also a depression/neuroticism component In
1987, van Doomen and Bloldand reported that cholesterol levels of 29 male and 23
female students were higher on an examination day compared to a control day. In
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regard to males, 62% of the variance of the baseline cholesterol level and 40% of the
stress induced (from examination day) cholesterol rise were explained by
psychological variables measured. Achievement, motivation and depression were
important in both predicitons. No significant predictions could be made in the
female group.
The mechanism by which response to stress elicits an increase in serum
cholesterol is not known. One speculation is that increases in plasma epinephrine
levels caused by heightened sympathetic adrenal medullary activation mediates the
altered lipoprotein response. Plasma epinephrine levels are significantly increased
under moderately stressful circumstances in humans, such as public speaking. Most
people triple their baseline epinephrine levels and some individuals can show a ten
fold increase (Dimsdale & Moss, 1980a, 1980b).
Dimsdale et al., (1983) studied the effect of physiological elevations of
plasma epinephrine levels on plasma cholesterol levels in cynomolgus monkeys.
The amount of epinephrine administered to each monkey was chosen to produce an
elevation in plasma epinephrine similar to that encountered during emotional arousal
Plasma epinephrine levels were sustained at the increased level for a two week
period, five days per week, six hours per day. Control monkeys were treated with
saline injections. After two weeks, the cholesterol levels of the epinephrine treated
monkeys increased on the average of 15mg%. Control monkeys showed no increase
in cholesterol levels.
Psychosocial Factors and Hypertension
The most recent epidemiologic evidence confirms elevated blood pressure as
a significant risk factor for CHD (Lei et al., 1992; Nedeljkovic et al., 1993).
The cardiovascular response of increased heart rate and blood pressure via
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sympathetic nervous stimulation to acute stress is well documented (Brod, 1959;
Levi, 1970; Fokkema & Koolhaas, J 1985; Dickinson, 1991). The relationship
between chronic emotional arousal and hypertension is suggested in humans (CruzCoke 1960 & 1987; Cobb and Rose, 1973; Timio et aL, 1988; Sever & Poulter,
1989) and confirmed in animal models (Henry, 1967; Alexander, 1974; Henry and
Stephens, 1977; Lawler et aL, 1981; Webb, 1983).
Though there are differing theories on the cause of primary hypertension
related to sodium intake, genetic factors and environmental influences, one
conclusion is firm: primary hypertension involves a disturbance of central regulation
(Weiner, 1976). Strains of rats bred to develop hypertension spontaneously, or upon
increased salt intake, both have changes in CNS control of blood pressure. Folkow
(1982) showed that the magnitude of the hypertensive responses in these genetically
vulnerable rats are not determined by genetics alone. Manipulation of psychosocial
arousal (increasing or decreasing stimulation) resulted in increases and decreases in
blood pressure in spontaneously hypertensive rats.
Additional evidence demonstrates that the social environment reliably
induces hypertension in mice ( Henry, 1967; Henry and Stephens, 1977; Ely, 1981),
and in rats (Henry et aL, 1992).
Henry and Stephens (1975,1977) have done extensive work investigating the
effects of psychosocial stimulation on hypertension in CBA mice. As described
previously, they designed special "population cages" which forced continuous
confrontation among the animals as they attempted to gain access to centrally located
food and water. The cage design and nutrient location were altered to produce
differing levels of social disorder, from stable and peacable to maximal stress and
confrontation. Psychosocial hypertension was reliably induced in mice by the social
environment.
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Evidence of increased levels of the biosynthetic enzymes tyrosine
hydroxylase (the rate limiting enzyme in catecholamine synthesis) and
phenylethanolamaine-N-methyltransferase (the enzyme that converts norepinephrine
to epinephrine) in psychosocially stimulated hypertensive mice suggests that
increases of blood pressure are mediated by sympathetic nervous system activity
(Henry et aL, 1971). Folkow and Rubenstein (1966) and Zanchetti (1976) showed
that chronic and direct stimulation of the defence area of the hypothalamus in rats
leads to hypertension. Katholi (1977) found that infusions of norepinephrine could
initiate hypertension.
Goldstein (1983) in a review of 32 papers on primary hypertension concluded
that most of the evidence points to an increse in sympathetic nervous system activity
and increase plasma catecholamines in early primary hypertension. Since then,
several other investigators have confirmed this observation (Tuck, 1986; Bohm et al,
1987; Egan et al., 1987).
Dickinson (1991) notes the methodological difficulties in accurately
measuring sympathetic nervous system activity. He suggests that if basal blood
pressure is stabilized long term by the brain, then in early primary hypertension,
plasma norepinephrine levels present during sleep (2AM) might give the best
indication of basal sympathetic tone. Measurement of plasma norepinephrine at this
time may facilitate the discrimination between hypertensive and normal subjects.
Tuck et aL, (1985) found that during sleep, hypertensive individuals had increased
values of plasma norepinephrine compared to age matched controls. Dickinson
(1991) concluded that "when the confounding effects of physical and emotional
activity are absent, during sleep, sympathetic nervous activity from a central control
system should stand revealed as the main determinant of basal blood pressure" (p.
133).
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Folkow (1987) described the rapid adaptation of arterial vessels to altered
functional demand leading to wall hypertrophy when any sustained arterial pressure
elevation occurs. The structural reduction of the inner radius, as a result of the wall
hypertrophy, leads to an upward resetting of systemic resistance to flow such that
increased systemic resistance can be maintained at normal vascular smooth muscle
activity. He maintains that although functional increases in blood pressure are
reversible initially, any sustained elevations lead to structural adaptation of blood
vessels and increased systemic resistance to flow.
Henry and Grim (1990) describe the chain of events leading to hypertension
when an organism is challenged beyond its control:
As the threat persists from day to day in an unstable disordered society,
subtle pathophysiological changes gradually develop which can affect the
blood pressure control system and lead to hypertension. Thus repeated
arousal of the defence alarm, or fight or flight response, leads to vascular
changes and geometrically (structurally) based hyperactivity. These are
reversible initially but eventually become fixed (p.786).
Type A Behavior and Cardiovascular Responsivitv
Similar to other areas in which Type A Behavior Pattern (TABP) is assessed,
the relationship between cardiovascular reactivity and TABP is mixed because of
methodological issues described earlier. Harbin (1989) employed a meta-analysis in
an attempt to quantitatively evaluate the link between TABP and physiologic
reactivity. The analysis indicated that individuals with TABP are more responsive to
cognitive and psychomotor stimulus situations in terms of heart rate and blood
pressure. The structured interview (SI) was a much more effective instrument in this
context Both effect sizes and statistical significance were greater when the SI was
administered compared to the Jenkins Activity Survey (JAS). TABP was found to
be more prevalent in untreated mildly hypertensive employed individuals than
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occupationally matched nonnotensive subjects (Irvine et aL, 1991). Frederickson
and Blumenthal (1992) reported that blood pressure correlated positively with total
cholesterol levels in type A men.

Summary
Emotional arousal can alter blood lipid/lipoprotein levels. The elevation of
lipoproteins may be mediated by adrenal medullary secretion of epinephrine.
Psychosocial factors can increase sympathetic nervous system activity and lead to
hypertension in animals, presumably including man. The cardiovascular system of
individuals exhibiting TABP are more responsive to challenging situations,
responding with increased heart rate and systolic blood pressure compared to
controls.
Ample evidence has been presented demonstrating that psychosocial factors
can increase established risk factors such as elevated total cholesterol levels and
blood pressure, hence contributing to increased risk of CHD. However, two
important points must be kept in mind when considering the evidence:

(1)

established risk factors do not explain a significant amount of the variability in the
incidence of CHD and, (2) the most compelling evidence from animal models
linking psychosocial factors and atherosclerosis points to increased severity of

atherosclerosis independent of serum lipoprotein level or blood pressure. In the
following section, alternative mechanisms will be discussed.
Possible Mechanisms bv Which Psychosocial Factors Contribute to CHD. Not
Mediated bv Risk Factors
A task force on "Biobehavioral Mechanisms in Coronary Artery Disease"
(Manuck et al., 1987) proposed two general hypotheses for mechanisms by which

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.

psychosocial factors exert significant influence on atherogensis independent of
established risk factors: (1) hemodynamic responses that accompany sympathetic
nervous system responses to behavioral stimuli and, (2) neuroendocrine reponses to
stress.
Hemodynamic Responses to Stress
One hypothesis proposed is that the cardiovascular adjustments elicited by
significant psychosocial stressors and mediated by sympathetic nervous system
activation, promote atherogenesis by injuring arterial endothelium through
hemodynamic disturbances such as turbulence, shear stress (Manuck et al., 1989),
and disruptions in laminar flow resulting from dynamic changes in blood velocity
(Spence, 1987). Intact normal endothelium provides a permeability barrier for the
artery against intrusion by macromolecules such as lipoproteins and presents an
antithrombotic surface to the flowing blood. Endothelial damage can lead to intimal
accumulation of lipoproteins, adherence of platelets and thrombus development,
release of mitogenic substances from regenerating enothelial cells and intimal
smooth muscle cell proliferation (Davies, 1986). Endothelial injury is thought to be
an initial step in atherosclerotic lesion development (Ross, 1981). Behavioral
stressors such as physical restraint and tail shock have been shown to induce such
structural changes in the arterial endothelium and intima (Gordon et al., 1981; Hirsch
et aL, 1984).
Summary
Hemodynamic responses to stress are postulated to initiate endothelial injury,
making the vessel vulnerable to intrusion by lipoproteins and increasing the
likelihood of platelet deposition and cell proliferation, all of which are related to
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lesion development
Neuroendocrine Responses and CHD
After some early work by Raab (1943) and others, neuroendocrine responses
and their relationship to CHD have not been aggressively investigated. This fact is
somewhat puzzling because hormones affect every body cell and exert powerful
influences on cell metabolism. Herd (1983) states:
Behavioral physiologists have given the most attention to the short term
physiological correlates of behavioral phenomena. The most attention of all
has been given to the short term cardiovascular correlates. Although marked
changes in heart rate and blood pressure can occur, we must not ignore the
neuroendocrine responses and metabolic concomitants of behavioral
phenomena (p. 131).
Weinstein and Stemerman (1981) note that in rats, hypophysectomy (removal
of the pituitary gland) can inhibit proliferation of arterial smooth muscle cells that
occurs in response to aortic de-endothelialization (mechanically removing the
endothelium) indicating that pituitary derived hormones may be significant in the
regulation of arterial smooth muscle migration and proliferation in vivo.
Several hormonal systems may affect the development of CHD, including
strong evidence for the protective effects of estrogens in females (Kaplan et al.,
1991), however, this discussion will be limited to the hormones most highly
correlated with psychosocial factors, i.e., epinephrine (also adrenaline),
norepinephrine (also noradrenalin) and cortisol (a corticosteroid). Norepinephrine
and epinephrine are catecholamines associated with increased sympathetic nervous
system and sympatho-adrenal medullary activity and cortisol is associated with
pituitary adrenal cortical activity.
Catecholamines and CHD.

As part of the fight or flight response,

catecholamines are catabolic hormones which greatly enhance fuel utilization
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including lipid mobilization (Landsberg and Young, 1992) in preparation for
muscular exertion.
Evidence of increased sympathetic nervous system activity in hypertension
and in individuals with coronary prone behavior patterns suggests that
catecholamines may play a role in the pathology of CHD. Additional support comes
from observations of patients suffering from pheochromocytomas, which are
catecholamine secreting tumors of the adrenal medulla. Coronary sclerosis and
myocardial infarction have been observed in pheochromocytoma patients as young
as 10 years of age and are commonly found in adults (Raab, 1943). Hauss et al.,
1990, conclude that "adrenaline and/or noradrenalin exhibit a strong atherogenic
potency and thus may well contribute to the development of arteriosclerotic vascular
lesions" (p. 92).
As early as 1904, Josue reported degenerative changes and scarring in the
wall of the aorta after injections of adrenalin into rabbits. Anitschkow (1933)
observed intensified lipid infiltration of the aortic intima in cholesterol fed rabbits
after administration of epinephrine. A few years later, after several studies
demonstrating the cardiotoxic effects of catecholamines, Raab (1943) stated that
"adrenaline is unquestionably a most powerful biological substance regarding
dynamic and destructive actions upon the cardiovascular system" (p. 189). In 1955,
Friedman et al. observed proliferation of the intima after injections of epinephrine
and norepinephrine. Raab (1961) and Constantinides (1969) reported that
catecholamines foster arterial injury and increase the permeablility of the vascular
endothelium.

Catecholamines administered by injection in rabbits induce

atherosclerosis (Helin et al., 1970; Cavallero et al., 1973) and result in more severe
aortic and coronary artery atherosclerosis in cholesterol-fed monkeys (Kukreja et al.,
1981).
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The seminal work of Raab started over fifty years ago and the contributions
of the other investigators cited have not attracted much interest until recently. Hauss
et aL (1990) postulated that if catecholamines act as chemical mediators in the
pathogenesis of arteriosclerosis in man, they should possess the following qualities:
(a) the ability to trigger metabolic dysfunctions in vascular wall cells and circulating
blood cells involved in the pathogenesis of arteriosclerosis; (b) be associated with
certain risk factors; (c) be correlated with different stages or activities of
arteriosclerosis in humans; and (d) be associated with severe persisting
arteriosclerotic vascular diseases like myocardial infarction and stroke.
They found that:
1. Cultured endothelial and smooth muscle cells from vessel walls (human
umbilical veins) exhibited enhanced proliferation when exposed to epinephrine or
norepinephrine which is a predominant characterise change in early atherosclerosis.
2.

Individuals with atherogenic risk factors of smoking, primary

hypertension and mental stress show elevated catecholamines.
3. In dialysis patients suffering from arteriosclerosis, plasma catecholamines
were positively correlated with severity of arteriosclerotic disease.
4. Surviving myocardial infarction and stroke patients had significantly
higher plasma catecholamine levels as late as one year after the event.
These results suggest that catecholamines may act as chemical mediators
during atherogenesis in man (Hauss, 1990).
This hypothesis is supported by the effects of norepinephrine on the repair
mechanisms of vascular endothelium. Endothelial cells can repopulate small
denuded areas in vitro by migration, which is considered to play an important role in
the repair of vascular injuries (Sholley et al., 1976). Migration of endothelial cells is
significantly reduced by norepinephrine (Bottaro et al., 1985), indicating that
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norepinephrine could interfere with repair mechanisms of the vascular endothelium
and thus might contribute to vascular injury and the formation of atherosclerotic
lesions (Hauss, 1990).
Catecholamines have also been shown to affect platelet aggregability, another
factor in lesion formation. Booyse et al. (1975) found that pre-exposure to
epinephrine significantly increased platelet adherence to endothelial cells. Haft
(1974) and Grant (1990) showed that elevations of plasma catecholamines cause an
increase in platelet activation and circulating clotting factors.
Lipid mobilization and transport are also affected by catecholamines. Bom et
aL (1989) compared the uptake of intravenously injected radioactively labelled lowdensity lipoproteins (LDL) into the two carotid arteries of anesthetized rabbits. After
two hours of norepinephrine infusion into one carotid and saline control into the
other, they found that norepinephrine significantly increased uptake of LDL by
arterial wall and suggest that this may provide some explanation for the accelerated
atherosclerosis in conditions associated with elevated plasma norepinephrin
In summary, evidence indicates that catecholamines may contribute to CHD
and lesion development through (a) the enhancement of smooth muscle cell
proliferation, (b) the inhibition of endothelial migration (and therefore vascular
endothelial repair), (c) increased platelet aggregability and clotting factors and, (d)
lipid mobilization and increased arterial uptake of LDL.
Cortisol and Coronary Heart Disease. Cortisol, cortisone and corticosterone
are glucocorticoids which are catabolic hormones that increase glucose production,
lipid mobilization and potentiate epinephrine-induced elevations in blood lipids
(OrthetaL, 1992).
Chronic administration of corticosterone for conditions such as rheumatoid
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arthritis is associated with increased atherogenesis (Kalbak, 1972) and
hypercoagulation of blood (Cosgriff et al., 1950). Autospsy studies conducted on
patients with systemic lupus erythematosus revealed that 29 of 36 subjects treated
with corticosteroids for more than 12 months exhibited significant coronary artery
narrowing. In contrast, 20 similar patients studied before steroids became available
showed no coronary artery narrowing (Bulkley and Roberts, 1975). Accelerated
atherosclerosis was found in a series of 50 patients with Cushing's syndrome, a
condition marked by chronically elevated plasma cortisol (Soffer et aL, 1961).
Increased plasma cortisol has been associated with CHD. Although most
epidemiologic studies do not include neuroendocrine measures, Lei (1992) reported
cortisol level among the risk factors for CHD among 743 Chinese office workers.
Troxler et al. (1977) showed a significant correlation between elevated serial
morning plasma cortisol levels and moderate to severe atherosclerosis (assessed by
angiography) in air force pilots. In a later study, the same group (Sprague, Troxler et
aL, 1980) investigated the effects of exogenous cortisol administered orally on the
severity of atherosclerosis in monkeys on a control diet and a 0.25% cholesterolcontaining diet After one year, the percentage of aortic intimal surface involved
with atherosclerotic lesions was significantly higher in the cortisol-high cholesterol
diet group (71%) compared to the high cholesterol diet only (37%). Cortisol did not
significantly increase lesion development in normocholesterolemic monkeys. The
enhanced lipid deposition in the aortas of hypercholesterolemic monkeys that
received cortisol occurred independently of any effect of cortisol on serum
lipoprotein cholesterol concentration.
Results of studies on the effects of corticosteroids on experimental
atherosclerosis have been mixed (Stout, 1982). Cortisone increased arterial lesions
in cockerels (Stamler et al., 1954), inhibited the development of atheromatous
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lesions in cholesterol fed rabbits (Oppenheim et al., 1952; Stumpf et al., 1954;
Gordon et al., 1954; Friedman et al., 1964) and had little effect on spontaneous
lesions in chickens (Malinow et aL, 1965).
Corticoids appear to enhance smooth muscle cell proliferation. Serum from
patients treated with corticosteroids stimulated cell proliferation in cultured human
aortic smooth muscle cells (Bagdade and Stewart, 1977). Hydrocortisone stimulated
proliferation of rat aortic smooth muscle cells grown in a serum-free medium
(Weinstein et aL, 1981).
In summary, extensive investigations linking cortisol and CHD are lacking.
Results from animal studies are mixed. However, preliminary evidence from
epidemiologic, angiographic, experimental and biochemical studies warrants further
research.
Coping Styles and Loss of Control: Possible Interactive Effects of
Catecholamines and Cortisol on CHD
Selye's (1936) notion of a nonspecific physiological response to a variety of
stressors, Le., the '"general adaptation syndrome", marked by increased adrenal
cortical activity has been challenged by Mason (1975) and others (Frankenhauser,
1975; Koolhaus et al., 1983; Henry, 1986).
Evidence from animal and human studies supports the concept of specificity
of neuroendocrine responses to stressful stimuli based on (a) the predictability or
sense of control over the environmental stimulus and, (b) whether active or passive
coping mechanisms are used.
Mason et aL (1961) identified two distinct patterns of hormonal responses in
monkeys when presented with two specific stimulus situations. When the animals
were presented with a stimulus signalling a familiar though aversive task,
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norepinephrine levels increased consistently with varying degrees of cortisol
elevation. Situations in which there was a high degree of unpredictability or
uncertainty were associated with elevated norepinephrine, epinephrine, and cortisol;
this study established that norepinephrine and epinephrine were independently
regulated. Frankenhauser and Rissler (1970) confirmed Mason's finding, reporting
that in humans, epinephrine output was inversely related to the degree of control and
predictability of electric shocks. Norepinephrine was not affected by control, but
remained elevated as long as the subject was engaged in attention demanding
activity.
Weiss (1972) showed that rats able to avoid a certain percentage of shocks by
appropriate responses developed less severe stomach ulcers than yoked controls
receiving the same number of shocks but were not able to perform coping responses.
Inescapable shock, compared to controlled shock, is associated with increased
plasma corticosterone (Dess-Beech et al., 1983), reduction in food intake and
enhanced tumor development (Visintainer et aL, 1982).
Henry and Stephens (1977) studied dominant and submissive mice and
suggested that the sympathetic adrenal medullary system is preferentially activated
when animals display active responding in order to escape from or confront an
environmental challenge i.e., the fight or flight response.

The pituitary

adrenocortical axis is preferentially activated when loss of control is perceived and
passive coping behavior is exhibited. Koolhaus et aL (1983) reported contrasting
neuroendocrine responses in winners and losers among rats. Shively and Kaplan
(1984) found differential arousal in dominant and submissive monkeys. Increased
adrenal cortical activity in free ranging subordinate baboons was reported by
Sapolsky (1990).
DeBoer (1990) performed a series of carefully designed studies to investigate
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neuroendocrine responses and coping responses to (a) aversive environmental
stimuli and, (b) reinforced and extinguished operant behavior in rats. Canulas were
inserted into the vena cava so that blood sampling was accomplished without
disturbing the animal. Baseline measures were collected showing that habituation to
the process of blood sampling tubing did not disturb the animal, behaviorally or
physiologically. The experiments were based on the observation that rats have a
strong innate tendency to bury a localized source of noxious stimulus, such as an
electrified prod from which they have received a shock (active coping). If there is no
bedding material available, rats cannot perform that coping response and therefore
display a passive coping response, i.e., freezing in locations away from the prod.
These contrasting behavioral responses to the same shock were associated with
distinct neuroendocrine patterns. Burying the shock prod (the active coping
response) is accompanied by increased norepinephrine (NE) and epinephrine(E)
levels, with an increased NE/E ratio. Freezing (passive coping) is accompanied by
increased cortisol, norepinephrine and epinephrine with a decreased NE/E ratio.
Loss of behavioral control can be observed in operant conditioning
experiments. DeBoer (1990) reported that during food reinforced lever pressing,
norepinephrine increases markedly, epinephrine is stable and cortisol declined.
Extinction (i.e., loss of behavioral control) is accompanied by a decrease in
norepinephrine, transient elevation of epinephrine and an increase in cortisol.
DeBoer (1990) concludes that
Our findings in rats together with those in human subjects lead to the view
that sympathetic nervous system activity as indicated by plasma
norepinephrine is especially related to conditions involving actual skeletal
muscle exertion regardless of emotional connotations of the challenge
whereas adrenomedullary (epinephrine) and adrenocortical (cortisol)
stimulation occurs primarily during emotional stress, fear or anxiety
provoking situations, characterized by limited, or abolished coping
capabilities (p. 141).
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It is important to note that many of the cardiovascular reponses to exercise
and stress are similar, e.g., increased heart rate and blood pressure. However, the
neuroendocrine responses differ. During exercise, NE increases, E and cortisol are
fairly stable (Connell et aL, 1958). Under challenge conditions in which a loss of
control is perceived, norepinephrine, epinephrine and cortisol are elevated.
The cynomolgus monkey studies in which social environments were
manipulated are relevant here (Kaplan et al., 1983). Dominant monkeys in the
unstable social group were exposed to frequent challenge conditions, potential loss
of control and prolonged social disruption through periodic rotation of group
members. On the other hand, dominant monkeys in the stable social group were not
exposed to social disruption and frequent challenges. The unstable/dominants
developed significantly more comoary artery atherosclerosis than stable/dominants.
Henry and Meehan (1981) single out "the attempt to achieve or maintain
control when challenged" and "the perception of control thus far achieved being
tenuous" (p. 309) as significant aspects of the coronary prone personality. They cite
Glass (1977) in an analysis of the behavioral and hormonal aspects of the challenge
to control:
Once an individual perceives a threat to his sense of environmental control,
he struggles to reestablish and maintain better control. During this period, we
may expect active coping efforts and concomitant elevations in circulating
norepinephrine. As long as there is not fear, adrenaline should remain
unchanged, or, perhaps even show a decline. In appraising the situation thus
far, any pathophysiological changes would be explained by activation of the
sympathetic adrenal axis. Glass (1977), however, makes the crucial
suggestion that at intervals the type A struggling in a competitive milieu will
sense a threat to his control, and with this realization, he will become passive.
His noradrenalin is likely to decline and 'central cholinergic dominance may
prevail’. He now posits that the resulting alternation of control efforts
followed by giving up is repeated over and over again during the lifetime of
an individual. He finds it "Not unreasonable to suggest that the more
frequently this cycle occurs, the more the coronary arteries are likely to be
affected by atherosclerotic disease.1 Thus he sees atherosclerosis as requiring
the influence of both adrenal medullary and adrenal cortical response patterns
(p. 310).
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The observation that there may be a significant depressive component in
coronary prone individuals (Thomas et al., 1975; Booth-Kewley et al., 1987;
Fukunishi et aL, 1992) could contribute to the neuroendocrine profile. Depression is
associated with increased excretion of urinary cortisol (Sachar, 1967; Carroll and
Curtis, 1976; Rosenbaum and Maruta, 1983; Kathol et aL, 1989). Hostility,
competitiveness and aggressive behavior are associated with increased plasma
catecholamines (Frankenhauser, 1975; Henry, 1981). Williams et al. (1991) reports
strong evidence for chronic increases in both sympathetic nervous system and
adrenalcortical axis activity among middle aged Type A men. Suarez (1992) found
that among Type A individuals, elevation of total serum cholesterol was associated
with catecholamine and cortisol responses to the stress of mental arithmetic. Perhaps
as Henry suggests, the aggressive (when challenged) and depressive (threat of loss
of control) characteristics of coronary prone individuals correlate with increased
sympatho-adienalmedullary (catecholamine) activity and increased adrenal cortical
(cortisol) and the combination of increased catecholamines and cortisol elicits
pathological changes.
Some early work supports the notion that cortisol and catecholamines can, in
combination, produce greater pathology. Balasz et aL (1962) and Hatch et al. (1963)
report that catecholamine cardiotoxicity is increased up to 16 fold in the presence of
adrenal cortical hypertrophy such as in long isolated animals. Raab (1966) states:
From the point of view of cardiac pathogenicity, it is of interest that both
emotional stresses and physical exercise cause sympathetic stimulation and
catecholamine discharges, but that only the former are associated with a
simultaneous liberation of catecholamine-toxifying adrenal corticoids,
whereas exercise does not elicit this potentially detrimental combination
(p. 550).
Shafrir (1960) established that cortisone considerably potentiates the plasma
cholesterol, free fatty acid, and phospholipid response to epinephrine in dogs. He
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suggests that the hypercholesterolemia of stress may in part be due to the
accompanying overactivity of the adrenal medulla and the adrenal cortex,
simultaneously producing epinephrine and corticosteroids.
Sum m ary

Coping styles, the predicability and controllability of the environment and
social status all appear to influence neuroendocrine responses to a psychosocial
challenge. Although many cardiovascular changes in stress and exercise are similar,
stress increases the risk of CHD and regular exercise has a protective effect against
it The combination or cycling of adrenal medullary and adrenal cortical activation,
present in certain individuals' response to challenge but absent in moderate exercise,
may underlie the pathological effects of stress.
Summary of the Review
In reviewing the literature on psychosocial factors and CHD, I have
attempted to adhere to Mason's notion of interdisciplinary effort My first goal was
to articulate connections between life situations/emotions/coping as independent
variables and (a) CHD; and (b) physiologic changes (cardiovascular and hormonal),
as dependent variables. My second goal was to establish connections between the
physiologic changes as independent variables and pathologic changes as dependent
variables. I will briefly trace these steps linking psychosocial factors and coronary
heart disease.
In this review, I have described evidence to suggest that (a) various
psychosocial factors influence the progression of CHD; (b) individual behavioral
characteristics in humans, especially hostility, aggressiveness and competitiveness
(when challenged) and perhaps vulnerability to depression (Type A Behavior
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Pattern) appear to be related to CHD; (c) physiological reponses to psychosocial
factors are mediated by the autonomic nervous system (primarily cardiovascular
changes via the sympathetic nervous system) and the neuroendocrine system
(primarily increased plasma norepinephrine, epinephrine and cortisol via the
sympatho-adrenal medullary and pituitary adrenal cortical systems); (d) individuals
exhibiting Type A behavior pattern are more reponsive physiologically to
challenges; (e) cardiovascular and hormonal changes may influence the progression
of CHD by increasing established risk factors such as elevated serum cholesterol and
blood pressure or through independent mechanisms such as vascular endothelial
injury, smooth muscle cell proliferation and increased platelet aggregation which are
significant processes in atherosclerotic lesion development; (f) neurohormonal
response to challenge depends on coping style, predictability and controllability of
the environment, and may include combinations of hormonal responses which are
pathological; and

(g) further research investigating the metabolic effects of

norepinephrine, epinephrine and cortisol on processes in the progression of
atherosclerosis is needed to help uncover mechanisms relating psychosocial factors
and CHD. The focus of this dissertation is the effects of these hormones on lipid
metabolism.
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CHAPTER m
PURPOSE OF THE PRESENT WORK
The purpose of the research reported in this dissertation is to identify the
effects of norepinephrine, epinephrine and cortisol on cholesterol ester synthesis. An
understanding of these effects is important in specifying key aspects in the
progression of lesion formation in atherosclerosis. Future work on the effects of
psychosocial factors on the accumulation of cholesterol and cholesteryl esters in the
artery may be facilitated by knowledge of these mechanisms.
The ACAT Hypothesis
ACAT and Its Role in the Development of Atherosclerosis
AcylCoA: cholesterol acyl transferase; E.C.2.3.2.26 (ACAT) is an arterial
enzyme that esterifies cholesterol in the vessel wall (St. Clair, 1976). It is found in
the endoplasmic reticulum (membrane-bound) and is isolated in the microsomal
fraction of cells.

Cholesteryl esters account for a significant amount of the

cholesterol which accumulates in atheromatous lesions and are the major
components of lipid droplets which are found in fat- filled arterial cells. Once
deposited within the arterial cells, cholesteryl esters are difficult to hydrolyze; for
this reason, cholesteryl ester deposition is progressive and unchecked as
atherogenesis proceeds. In effect, the ACAT reaction can be conceptualized as a
biochemical trapping mechanism for cholesterol entering the artery from the plasma
(Bell, 1986). ACAT activity, relatively low in normal arterial tissue, is significantly
increased in atheromatous tissue (St Clair, 1976; Breecher et aL, 1980) which can be
54
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measured in rabbits in as few as three days of feeding a cholesterol containing
atherogenic diet (Day and Proudlock, 1974). Since ACAT activity affects the
amount of cholesteryl ester deposited in the artery, its activity should be reflected in
the amount of cholesteryl ester found in arterial lesions.
Bell (1986) postulated a direct role of ACAT in the atherogenic process
based on (a) the relationship between increased arterial ACAT activity and the
progressive accumulation of arterial cholesteryl esters in vitro ; (b) the observation
that several compounds, e.g., propranolol, diazepam and chlorpromazine, reported to
reduce the severity of atherosclerosis in animal models were later found to be ACAT
inhibitors; (c) direct experimental evidence: ACAT activity was reduced 40% in
aortic tissue from rabbits fed the an atherogenic diet and receiving chlorpromazine
(an ACAT inhibitor) orally compared to rabbits fed the atherogenic diet only. The
ACAT activity reduction was correlated with significantly decreased cholesterol and
cholesteryl ester accumulation in the chlorpromazine exposed arteries.

The

reduction of arterial cholesterol and cholesteryl ester occurred independent of serum
lipoprotein levels.
Hepatic ACAT activity is also related to the progression of coronary artery
atherosclerosis (CAA). Carr et al. (1992) found that in African green monkeys fed a
high fat/high cholesterol diet for three to six years, hepatic ACAT activity was
highly positively correlated with the extent of CAA.

Summary
The accumulation of lipids, particularly cholesterol and cholesteryl ester in
the artery wall is well established as a pathological process in the progression of
coronary artery atherosclerosis. Arterial cholesterol stored as cholesteryl ester
accounts for a significant amount of cholesterol in atheromatous lesions. The major
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enzyme responsible for the esterification of cholesterol in the artery wall is acylCoA:
cholesterol acyl transferase (ACAT). It is suggested that ACAT activity may have a
direct role in the atherogenic process.
Inhibition of ACAT
Research directed toward identifying and developing ACAT inhibitors has
increased dramatically in the past few years (Bocan et al., 1991; Tomoda et aL, 1991;
Naganuma et aL, 1992; Bell et al., 1992) One reason for the heightened interest is
that none of the five classes of lipid-lowering drugs approved by the FDA has an
antiatherosclerotic indication (Gotto, 1993), whereas some ACAT inhibitors have
demonstrated lipid lowering effects (DeVries et aL, 1986; Heiden, 1986) and anti
atherosclerotic activity (Bocan et al., 1991)
The therapeutic potential of ACAT inhibitors is promising given the
evidence that they appear to reduce intestinal absorption of cholesterol and/or
directly affect the accumulation of cholesteryl ester in arterial lesions (Sliskovic &
White, 1991).
Various types of compounds have ACAT inhibiting properties such as local
anesthetics (Bell & Hubert, 1980), tranquilizers (Bell, 1983 and 1984),
antihypertensives (Bell, 1985) and penicillin derivatives (Naganuma et al., 1992;
Tomoda et al., 1991).
Possible Enhancement of Acat Activity bv Hormones Released During a Stress
Response: Norepinephrine. Epinephrine and Cortisol
If ACAT inhibition does in fact reduce the severity of atherosclerosis, then it
follows that an increase in ACAT activity may enhance atherosclerosis. What
substances would be likely to enhance ACAT activity? A clue may be found in
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describing the properties of specific ACAT inhibitors.
Three specific compounds, propranolol, chlorpromazine and diazepam not
only inhibit ACAT activity but also reduce the severity of experimental
atherosclerosis in animals (Wilens et al., 1956; Patel et al., 1982; WhittingtonColeman et aL, 1973). All three compounds are behaviorally active and appear to
alter stress induced hormonal responses. Chlorpromazine, a tranquilizer, and
diazepam, a sedative, both interfere with the pituitary-adrenocortical response to
stress (Rose, 1985; Roy-Byme et al, 1988) and appear to suppress subcortical reflex
stimulation of the sympathoadrenergic system, (Gunn et al., 1955). Propranolol
blocks beta-adrenergic receptors and decreases sympathetic activity. Clinically,
chlorpromazine and diazepam are used widely, often to control agitated behavior in
patients. Propranolol is mainly prescribed as an anti-hypertensive, but is also used to
treat panic disorder and anxiety. All three drugs appear to counteract arousal of the
sympathetic nervous system and perhaps alter the regulation of catecholamines.
Chlorpromazine and diazepam appear to interfere with release of ACTH and cortisol.
Manuck et al. (1991) reported that propranolol attenuated the psychosocial
exacerbation of atherosclerosis in cynomolgus monkeys. Cholesterol fed dominant
monkeys housed in unstable social conditions receiving propranolol developed less
than half the coronary artery atherosclerosis of cholesterol-fed untreated donminants
also housed in unstable conditions.
If diazepam, propranolol and chlorpromazine inhibit ACAT and inhibit some
aspect of catcholamine and cortisol activity, then perhaps increased levels of
catecholamines and cortisol, present during a stress response, enhance ACAT
activity. Increased ACAT activity enhances cholesteryl ester synthesis in the artery
and thereby contributes to the progression of atherosclerosis. This proposed
mechanism linking hormonal responses to ACAT activity and atherosclerosis could
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theoretically increase the severity of CAA independent of lipoprotein and blood
pressure elevations.
To investigate this hypothesis, the effect of norepinephrine, epinephrine and
cortisol on cholesteryl ester accumulation (ACAT activity) was examined in Fu5AH
rat hepatoma cells.
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CHAPTER IV
METHODS
Introduction
Liver cells in vitro mimic the lipid metabolism of arterial cells in vivo; this
model has been used to study several aspects of lipid metabolism (Bell, 1980; Ross
et aL, 1984; Faust et aL, 1989) including cholesteryl ester metabolism (Suckling,
1982; Bell et al., 1982; Bell et al., 1992). Specifically, Fu5AH rat hepatoma cells
have been used to study cholesterol esterification (Rothblat, 1977). The Fu5AH cell
line was derived from the Reuber H-35 rat hepatoma (Reuber, 1961).
ACAT Activity and Cholesteryl Ester Accumulation
Plasma lipids are carried by plasma lipoproteins. There is an exchange of
lipids between lipoproteins and the plasma membrane of the cell. Lipid in the cell
surface can cross the membrane and move into the cell by exchange with
intracellular organelles such as mitochondria, endoplasmic reticulum, golgi
apparatus, nuclear membrane, and lysosomes. This bidirectional exchange process is
illustrated in Figure 5. The exchange process may be disturbed and net transfer of
lipid into the cell could occur when a non-exchangeable form of lipid is synthesized.
This could occur, for example, when cholesterol is esterified to cholesteryl ester by
ACAT (Bell, 1978) shown in Figure 6. If ACAT activity is increased, greater
accumulation of cholesteryl ester is likely to occur reducing the amount of
exchangeable intracellular cholesterol and allowing more free cholesterol to enter the
cell from the plasma. If a substance inhibits ACAT activity, cholesteryl ester
59
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accumulation and therefore net transfer of cholesterol into the cell is likely to be
decreased. If a substance enhances ACAT activity, cholesteryl ester accumulation
and therefore net transfer of cholesterol into the cell would be increased.
Overview of the Procedures
Rat hepatoma cells (Fu5AH) were incubated

(a) in the presence of

hyperlipemic or normolipemic rabbit serum or in a serum free medium and, (b) in the
presence of epinephrine, norepinephrine, cortisol or the combination of
epinephrine/cortisol, or a control condition which was free of additional hormones.
[l-l4C]oleate was added as a substrate to the cells and was incorporated into
cholesteryl ester, phospholipid, diglyceride and triglyceride as the fatty acid
component of these molecules. Esterification of cholesterol is most rapid with oleate
and cholesteryl-oleate is the most common cholesteryl ester in atheromas (Morin et
al., 1987). Figure 7 shows the molecular structure of oleate, cholesteryl ester, a
phospholipid, a diglyceride and a triglyceride.
The lipids were extracted and separated. The resulting radioactivity of the
lipid fractions was measured and taken as the index of lipid synthesis. Specifically,
the cholesteryl ester fraction reflected ACAT activity. A diagram of operations is
shown in Figure 8.
Procedure
Maintenance of Stock Cultures
The cells were maintained in Dulbecco's Modified Eagle's Medium (Gibco)
supplemented with 5% bovine calf serum and 50mg/ml gentamicin sulfate (Gibco).
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Figure 5. Lipid Exchange and Transfer Between Biological Lipid Protein Structures.
L=lipoprotein, M=mitochondria, ER=endoplasmic reticulum, G=Golgi apparatus,
NM=nuclear membrane, LYS=lysosomes. Reprinted from Bell (1978) with
permission of Author.

ACAT
Cholesterol + fatty acyl-CoA--------------- Cholesteryl ester + CoA

Figure 6. Esterification of Cholesterol by ACAT
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Cultured cells Fu5AH
I

I

J,

incubated for 18 hours in

I

INDEPENDENT VARIABLE 1
serum condition

sk

serum free normolipemic
media (SF) serum (NRS)

V✓

hyperlipemic
serum (HRS)

'

epinephrine, norepinephrine, cortisol
and epinephrine/cortisol added

INDEPENDENT VARIABLE 2
hormone condition

incubation for 22 hours
sk

incubation for 2 hours
DEPENDENT VARIABLES
Extraction and separation of lipids

Determination of [l-l^Cjoleate
incorporation into cholesteryl ester,
phospholipid, triglycerides by
liquid scintillation counting

1) total incorporation of [l^Qoleate
into lipids
2) cholesteryl ester synthesis
3) phospholipid synthesis
4) triglyceride synthesis

Figure 8. Diagram of Operations of the Study. Synthesis of lipid fractions is
expressed as percentage of total incorporation of [l-^C]oleate into all lipids.
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Incubation was at 36°C in an atmosphere of 5% CO2 in air. Cells from
stock cultures, grown to confluency in 25cm flasks (Falcon) containing 10ml of
medium, were detached with 0.25% trypsin diluted 1:10 with medium and mixed by
agitation through a pipette which serves to disrupt cellular clumps. Stock cultures
were replenished with fresh medium at 3 to 4 day intervals.
Preparation of Cultures and Culture Medium for Assay
250(il aliquots of the diluted stock suspension described above were
transferred to 22mm dishes (Falcon) containing 1 ml of medium and the seeded cells
were allowed to grow to near confluence (2 days). The medium was aspirated and
the cells were washed once with fresh medium. One ml of medium supplemented
with 5% hyperlipemic rabbit serum (HRS*), 5% normolipemic rabbit serum (NRS)
or serum-free (SF) medium was added to the dishes as the experimental medium.
The cultures were incubated for 18 hours at which time epinephrine, norepinephrine,
cortisol, epinephrine/cortisol or control vehicle were added to the dishes. Final
concentrations of hormones were: (-)-epinephrine 10"%!,

(-)-norepinephrine 10"

% !, and cortisol 1 0 " (in the form of hydrocortisone 21-hemisuccinate). All
hormones were purchased from Sigma Chemical Co. After 22 hours of incubation
with hormones, lpCi of [l-l^Cjoleate2 was added for an additional 2 hours. The
culture medium was removed by aspiration and the cells were washed three times
1 HRS was obtained from The Upjohn Co. from male New Zealand rabbits fed
Purina Chow supplemented with 1% cholesterol and 3% peanut oil (w/w/w) for 2-3
weeks. Pooled sera from two or more rabbits was filtered through a .45pm filter
(Nalgene) and stored frozen at -20°C in convenient aliquots until used.
2 [l-14C]-oleic acid was obtained in ethanol from NEN Dupont, Boston, MA, and
was converted to its sodium salt by evaporation under N2 and addition of 0.05N
NaOH. The [l-l^Cjoleate solution was warmed to 35°C, vortexed uhtil foam formed
on its surface and then left for several hours until the foam disappeared. Small
aliquots were frozen and stored in 2ml plastic stoppered vials, covered with
aluminum foil
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with 1ml phosphate buffered saline.
Preliminary experiments using hormonal concentrations of 10'l^M, lO'^M,
and 10'^M and incubation times of 2,6,12, and hours were performed to determine
the most suitable conditions for this experiment Cells incubated at all time points
with final hormonal concentrations less than 1(H>M showed no consistent
differences in [l-l^Qoleate incorporation compared to controls with the exception
of cortisol which had some activity at lO'^M. Hormonal concentrations of lO'^M
and 24 hour incubations with hormones were chosen because both cortisol and
epinephrine showed activity under these conditions. Alternate choices of hormone
concentration and incubation times may yield more information about hormonal
influences on lipid synthesis.
Analysis of Cultures
Following the last wash above, 1ml of hexane/isopropanol (3:2 vol/vol) was
added to the culture dishes and the lipids were permitted to extract for 15 minutes at
room temperature. The extracts were pipetted into testtubes and evaporated under
nitrogen gas. The lipid residue was dissolved in 250pl of chloroform/methanol (2:1
vol/vol).

A 125|il aliquot of each extract was separated by thin-layer

chromatography using silica gel G-coated (250pm) glass plates (Whatman). The
samples were applied to the plates and overlaid with lipid standard. The plates were
placed in a glass chromotography chamber (solvent system, n-hexane: diethyl ether:
glacial acetic acid, 146:50:4 v/v/v) and removed when the solvent front reached 1.5
inches from the top of the plate. The lipid bands were visualized by spraying the
plates with Rhodamine 6G (0.05% in ethanol) and scraped into vials containing 10ml
Redisafe scintillation fluid (Beckman) for liquid scintillation counting. The cellular
residues left in the culture dishes after lipid extraction were soaked in 0.5ml
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phosphate buffered saline for 24 hours at 4°C, and scraped with a vinyl scraper.
The cell residues in solution were centrifuged at 5000 rpm for 5 minutes after
dispersion in a pippette. The supernatant was analyzed for protein by the Lowry et
aL (1961) method using a Beckman spectrophotometer set at 500nm. Sample protein
values were determined from a standard curve produced by assaying solutions
containing known quantities of bovine serum albumin. Values for a new standard
curve were determined each time proteins were analyzed.
E xpression o f D ata

Radioactive counts from total incorporation of [l-^^C]oleate were expressed
as disintegrations per minute/jig protein (dpm/jig). lipid synthesis in lipid fractions
was expressed as the percentage distribution of [1-^C ] oleate incorporated into
phospholipids, triglycerides and cholesteryl ester. Diglycerides accounted for
approximately 2-3% of total incorporation and were not analyzed separately.
Data Analysis
A two-factor analysis of variance was used to test for main effects and
interaction on mean [l-14C]oleate incorporation into lipids of (a) serum condition
(HRS, NRS, SF) and (b) hormones (epinephrine, norepinephrine,

cortisol,

epinephrine/cortisol and controls). Fisher's Protected LSD was used for multiple
comparisons of individual marginal means associated with the three serum
conditions (serum free, normolipemic and hyperlipemic). Dunnett's Test (two tailed)
(Kirk, 1968) was used for comparisons of individual marginal means associated with
hormonal and control conditions.
In the case of significant serum X hormone interactions, simple effects tests
and Dunnett's Test were carried out to evaluate simple effects of hormones at each
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individual serum condition.
Results
The results will be described with respect to each dependent variable
separately. Experimental hormonal effects on lipid synthesis compared to control
conditions are of primary interest, so although the analysis of variance is sensitive to
significant differences among all means, tests on comparisons were performed only
on contrasts between experimental hormonal and control conditions.
Total Lipid Synthesis
The analysis of variance summary table, cell means and marginal means, and
differences between control and hormone condition means (at each serum condition)
for measures of total lipid synthesis are shown in Table 2. Figure 9 summari7.es the
main effects on total lipid synthesis of each serum condition averaged across all
hormone conditions and each hormone condition averaged across all serum
conditions. Figure 10 shows the serum x hormone interaction.

Main Effects
Mean total lipid synthesis was significantly increased (p<0.05) in the
presence of hyperlipemic serum compared to SF or NRS conditions. The marginal
mean differences between any hormonal condition and the control condition were
not statistically significant (p>0.05) on measures of total lipid synthesis (Figure 9).
InteractionEffects
The effects of hormones on total lipid synthesis were inconsistent across
serum conditions (Figure 10). For example, the cortisol condition yielded the highest
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Summary of Results for Measures of Total Lipid Synthesis
Analysis of Variance Summary Table
„
Sl,mce

Sum of
Squares

JC
0
dP Mean Square

,
P Value

Conventional Bonferroni

prohibited without p erm ission.

Serum Condition

48,103,146

2

2,401,573

3.72

0.03

Hormone Condition
- at SF condition only
at NRS condition only
- at HRS condition only

69,850,136
98,140,774
13,280,748
81,306,725

4
4
4
4

17,462,534
24,535,193
3,320,187
20,325,581

2.70
3.80
0.51
3.15

0.04

Interaction

122,878,113

8

15,359,764

2.38

Error

387,560,926

60

6,459,349

Total

628,392,321
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0.01

0.03 “I

0.73

1.00

0.02

0.06-

0.03
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Cell Means(std error) and Marginal Means(std error) for Measures of Total Lipid Synthesis
Control

Cortisol

Norepinephrine

Epinephrine/

Cortisol

Marginal Mean

12548(1869)

13648(1929)

9849(962)

8762(671)

10752(679)*

Normolipemic 11771(1494)

11376(917)

9824(635)

10994(787)

10171(568)

10827(412)*

Hyperlipemic 14807(1509)

14569(1184)

10790(840)

11077(1048)

11192(736)

12487(580)*

Marginal Mean 11843(933)

12831(819)

11420(805)

10640(523)

10042(442)

Serum Free

Serum Free

8952(587)

Epinephrine

Cell Mean Differences Between Control and Each Hormone Condition
(Hormone condition-Control condition)
Epinephrine/
Epinephrine
Cortisol
Norepinephrine
Cortisol
3596
4696*
897
-190
Control

Normolipemic Control

-395

-1947

-777

-1600

Hyperlipemic Control

-238

-4017

-3730

-3615

♦Significant Fisher's Protected LSD or Dunnett's Test (p<0.05)
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Figure 9. Main effects of Experimental Serum and Hormonal Conditions on Total
Lipid Synthesis.
SF=serum free, NRS=normolipemic,
HRS=hyperlipemic, EPI=epinephrine, NOREPI=norepinephrine,
EPl/CORT=epinephrine and cortisol. Hormone Concentration=10"^M.
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Figure 10. Serum x Hormone Interaction for Total Lipid Synthesis.
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mean under serum-free conditions but the lowest mean under the NRS and HRS
conditions.
Simple Effects Tests
Under serum-free conditions, total lipid synthesis was inceased (p<0.05) in
the presence of cortisol compared to control conditions.
Cholesteryl Ester Synthesis
The analysis of variance summary table, cell means and marginal means, and
differences between control and hormone condition means (at each serum condition)
for cholesteryl ester synthesis are shown in Table 3. Figure 11 summarizes the main
effects on cholesteryl ester synthesis of each serum condition averaged across all
hormonal conditions and each hormonal condition averaged across each serum
condition. Figure 12 shows the serum x hormone interaction.
Main Effects
Mean cholesteryl ester synthesis, expressed as percentage of total [114c]oleate incorporation was dramatically increased under hyperlipemic serum
conditions compared to normolipemic conditions and serum free conditions. Mean
cholesteryl ester synthesis was significantly increased in normolipemic conditions
compared to serum free conditions. Mean cholesteryl ester synthesis was increased
(p<0.05) in the presence of epinephrine and decreased (p<0.05) in the presence of
cortisol compared to controls (Figure 11).
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Summary of Results for Measures of Cholesteryl Ester Synthesis

Analysis of Variance Summary Table
0
Source

Serum Condition

Sum
eV n iia rof
AC

,r x.
dF
Mean pSquare
^

t- Value
17 i
F

Conventional Bonferroni
n

n
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84.45391

2

42.22695

31057.45

0.00

Hormone Condition
- at SF condition only
at NRS condition only
_at HRS condition only

0.12998
0.00037
0.01230
0.27732

4
4
4
4

0.03250
0.00009
0.00307
0.06933

23.90
0.07
2.26
51.00

0.99
0.08

0.24

0.00

o!oo.

Interaction

0.16000

8

0.02000

14.71

0.00

Error

0.08158

60

0.00136

Total

84.82547
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0.00
1.001
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Cell Means(std error) and Marginal Means(std error) for Measures of Cholesteryl Ester Synthesis
Epinephrine/ Marginal Mean
Control
Epinephrine
Cortisol
Norepinephrine
Cortisol
0.872(.02)

0.898(.04)

0.93(.02)

0.952(.03)

0.847(.05)

0.899(.02)*

Normolipemic 1.918(. 09)

2.072(.14)

1.44(.05)

1.984(.04)

1.940(.09)

1.87(.06)*

Hyperlipemic 24.4(.25)

25.3(.27)

22.1 (.08)

23.9(.31)

23.7(.33)

23.9(.24)*

Marginal Mean9.06(2.9)

9.42(3.0)*

8.15(2.6)*

8.94(2.7)

8.84(2.8)

Serum Free

Cell Mean Differences Between Control and Each Hormone Condition
(Hormone condition-Control condition)

prohibited without p erm ission.

Epinephrine

Cortisol

Norepinephrine

Control

0.026

0.058

0.08

Epinephrine/
Cortisol
-0.025

Normolipemic Control

0.154

-1.87

0.066

0.022

Hyperlipemic Control

0.9

-2.32

-0.52

-0.66

Serum Free

*Significant Fisher's Protected LSD or Dunnett's Test (p<0.05)
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11. Main Effects of Experimental Serum and Hormone Conditions on
Cholesteryl Ester (CE) Synthesis. SF=serum free, NRS=normolipemic,
HRS=hyperlipemic, EPI=epinephrine, NOREPI=norepinephrine,
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Figure 12. Serum x Hormone Interaction for Cholesteryl Ester Synthesis.
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Interaction Effects
The effects of hormones on cholesteryl ester synthesis were inconsistent
(p=0.00) across serum conditions (Figure 12). Under serum free-conditions,
incubations in the presence of cortisol showed the highest mean cholesteryl ester
synthesis while under hyperlipemic conditions, incubations in the presence of
cortisol showed the lowest mean cholesteryl ester synthesis.
Simple Effects Tests
Under normolipemic and hyperlipemic conditions, mean cholesteryl ester
synthesis was decreased (p<0.05) in samples incubated in the presence of cortisol
compared to controls. Under hyperlipemic conditons, mean cholesteryl ester
synthesis was increased (borderline signficance p=0.06) in the presence of
epinephrine compared to the control condition.
Phospholipid Synthesis
The analysis of variance summary table, cell means and marginal means, and
differences between control and hormone condition means (at each serum condition)
for phospholipid synthesis are shown in Table 4. Figure 13 summarizes the main
effects on phospholipid synthesis of each serum condition averaged across all
hormonal conditions and each hormonal condition averaged across each serum
condition. Figure 14 shows the serum x hormone interaction.
Main Effects
Mean phospholipid synthesis was significantly increased (p<0.05) under
serum free conditions compared to normolipemic and hyperlipemic conditions.

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.

Reproduced with permission

Table 4

of the copyright owner. Further reproduction

Summary of Results for Measures of Phospholipid Synthesis

Analysis of Variance Summary Table
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Cell Mcans(std error) and Marginal Means(std error) for Measures of Phospholipid Synthesis
Control
Cortisol
Epinephrine
Norepinephrine Epinephrine/ Marginal Mean
Cortisol
74.4(1.63)

75.8(.97)

69.2(.73)

78.0063)

73.6(.79)*

Normolipemic 59.6C93)

58.6(1.0)

60.6(1.5)

59.4(.51)

60.4093)

59.7044)*

Hyperlipemic 46.0(.32)

46.2(.86)

49.4(.40)

45.6(.51)

46.8(.58)

46.8(.36)*

Marginal Mean58.7(2.7)

59.7(3.2)

61.9(2.9)*

58.1(2.6)

61.7(3.4)*

Serum Free

70.4(.75)

Cell Mean Differences Between Control and Each Hormone Condition
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4*

Cortisol

Norepinephrine

5.4*
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-1

1

-0.2

0.8

Hyperlipemic Control

0.2

3.4*

-0.4
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*Significant Fisher's Protected LSD or Dunnett's Test (p<0.05)
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Mean phosopholipid synthesis under normolipemic conditions was increased
(p<0.05) compared to hyperlipemic conditions. The marginal mean differences in
phospholipid synthesis between each hormonal condition and the control condition
were not statistically significant (p>0.05) (Figure 13).
Interaction Effects
The effects of hormones on phospholipid synthesis were inconsistent
(p=0.00) across serum conditions (Figure 14). For example, under serum-free
conditions, incubations in the presence of epinephrine showed increased (p<0.05)
mean phospholipid synthesis compared to the control condition but under
normolipemic serum conditions, incubations in the presence of epinephrine showed
decreased (though not statistically significant, p>0.05) mean phospholipid synthesis
compared to the control condition.
Simple Effects
Under serum free conditions, incubations in the presence of epineprine,
cortisol, and epinephrine and cortisol combined, showed increased (p<0.05)
phospholipid synthesis. Under hyperlipemic conditions, incubations in the presence
of cortisol showed increased (p<0.05) phospholipid synthesis.
Triglyceride Synthesis
The analysis of variance summary table, cell means and marginal means, and
differences between control and hormone condition means for triglyceride synthesis
are shown in Table 5. Figure 15 summarizes the main effects on triglyceride
synthesis of each serum condition averaged across all hormonal conditions and each
hormonal condition averaged across each serum condition.

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.

Reproduced with permission

Table 5

Analysis of Variance Summary Table
e
Sum
of
jc
o
j-,,,
,
Source
c
dF
Mean Square
F
Value
_______________ squares_________________________

Conventional
Bonferroni
D
D
r r __
_

of the copyright owner. Further reproduction

Summary of Results for Measures of Triglyceride Synthesis

prohibited without p erm ission.

24.05247

2

12.02623

0.00

0.00

Hormone Condition
at SF condition only
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Cell Means(std error) and Marginal Means(std error) for Measures of Triglyceride Synthesis
Epinephrine/
Epinephrine
Cortisol
Control
Norepinephrine
Cortisol
Serum Free

22.0(1.2)

22.2(1.6)

19.6(.93)

20.8(.86)

18.6(.68)

20.6(.53)*

Normolipemic 34.6(.51)

35.0(.71)

33.7(1.4)

35.2 (.86)

34.0(1.73)

34.5(.48)*

Hyperlipemic 27.4(.51)

27.6(.60)

26.4(.51)

26.8(.58)

27.2(.37)

27.1(.23)*

28.0(1.5)

28.3(1.5)

26.6(1.6)

26.6(1.8)

*Significant Fisher's Protected LSD (p<0.05)
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Figure 15. Main Effects of Experimental Serum and Hormone Conditions on
Triglyceride (TG) Synthesis. SF=serum free, NRS=normolipemic,
HRS=hyperlipemic, EPI=epinephrine, NOREPI=norepinephrine,
EPl/CORT=epinephrine and cortisoL Hormone Concentration=l(H>M.
Main Effects
Mean triglyceride synthesis was signficantly decreased (p<0.05) under
hyperlipemic and serum free conditions compared to normolipemic conditions.
Mean triglyceride synthesis was lowest (p<0.05) under serum free conditions (Figure
15). Marginal mean differences between each hormonal condition and the control
condition were not statistically signficant (p>0.05).
Interaction Effects
No significant interactions for triglyceride synthesis were detected (p=0.75).
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Discussion
Serum Conditions
Total mean incorporation of [l-l^CJoleate was increased approximately 15%
in the presence of hyperlipemic serum compared to normolipemic and serum free
conditions (Figure 9). Mean cholesteryl ester (CE) synthesis, reflected by percent [114C] oleate incorporation into CE, was most dramatically affected by serum
condition, increasing over 25 fold under hyperlipemic conditions compared to serum
free conditions (Figure 11).
Because excess lipid can be stored as CE in the cell, increased CE synthesis
is one response to an overabundance of lipid entering the cell under hyperlipemic
conditions (Rothblat, 1977).
In contrast, cellular CE synthesis is lower in the SF condition because there
is little need for lipid storage. The cells in the SF condition are nutrient depleted
which is reflected in an overall decrease in metabolic activity. Also, these cells are
more likely to oxidize the added [l-14C]oleate for fuel which would liberate the
labelled carbon atom in the form of [14C]0 2 The major function of phospholipids is formation of bilayer structures in cell
membranes. In a serum free environment, much of the available lipid would likely
be incorporated into phospholipids to sustain the integrity of the cell membrane. In a
hyperlipemic environment, cellular lipid storage becomes a primary activity and the
relative synthesis of phospholipid decreases. The present findings follow this
pattern. Mean percent [l-14C]oleate incorporation into phospholipids was highest
for cells exposed to the serum free condition followed by the NRS condition and the
HRS condition (Figure 13).
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Mean percent [l-14C]oleate incorporation into triglycerides in cells exposed
to normolipemic rabbit serum (NRS) was highest followed by the HRS condition and
the SF condition (Figure 15). lipid storage in the form of triglycerides is another
response to excess lipid entering the cell. The lower rate of triglyceride synthesis in
the cells exposed to the SF condition is likely related to less need for lipid storage.
Interestingly, mean triglyceride synthesis in the cells exposed to NRS was higher
than in cells exposed to HRS. Logically, triglyceride synthesis would be expected to
increase under hyperlipemic conditions. Two possible contributing factors are (1)
the rate of hydrolysis of triglyceride is three to four times faster than that for CE in
smooth muscle cells converted to foam cells (Minor et al., 1989); perhaps the
turnover of [l-1^C]oleate in triglycerides was greater in the hyperlipemic condition
whereas the [l-^C]oleate turnover in CE was minimal; or (2) the increased CE
synthesis competed for oleate with triglyceride and phospholipid synthesis.
Summary
Percent [l-l^CJoleate incorporation into cholesteryl esters, triglycerides and
phospholipids was significantly affected by serum conditions. These findings can be
explained in terms of the needs of the cell given different extracellular environments.
In a serum free environment, nutrients are unavailable. Any added lipid is likely to
be used for repairing and maintaining cell membrane resulting in increased
phospholipid synthesis, and for energy production. There is little need for lipid
storage reflected in a decrease of cholesteryl ester synthesis and triglyceride
synthesis. In a hyperlipemic environment, lipids are abundant, therefore lipid
storage in the form of cholesteryl ester synthesis is dramatically increased.
Phospholipids are decreased. The finding that triglyceride synthesis in HRS is less
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than triglyceride (TG) synthesis in NRS may be due to the more rapid hydrolysis of
TG and competition with cholesteryl ester synthesis for the labelled substrate.
Hormones
Total Lipid Synthesis
Total incorporation of [l-^^C]oleate into all lipids was highest in cells in the
presence of epinephrine (Figure 9), though not signficantly higher than in cells under
control conditions.
Simple effects tests on measures of total lipid synthesis indicated
significantly increased total lipid synthesis under serum-free conditions in the
presence of cortisol compared to control conditions.
Figure 10 shows the serum x hormone interaction for measures of total lipid
synthesis.

Under control conditions, total lipid synthesis in a serum-free

environment (SF), starts at a low level then increases linearly from (SF), to
normolipemic (NRS), to hyperlipemic (HRS) conditions. In contrast, total lipid
synthesis in the presence of epinephrine alone and cortisol alone starts under SF
conditions at a higher level, decreases from the SF to NRS condition, then increases
from the NRS to HRS condition. The significance of the two patterns is not clear.
Under hyperlipemic conditions, total lipid synthesis under control conditions and in
the presence of epinephrine is high and nearly equal.

The presence of

norepinephrine and cortisol under hyperlipemic conditions appears to decrease total
lipid synthesis.
Cholesteryl Ester
Overall mean percent cholesteryl ester synthesis for cells incubated with
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epinephrine lO'^M was slightly higher (4.0%) than controls (Figure 11). The
percentage difference is quite small but statistically significant The slight increase
in percent cholesteryl ester synthesis is most meaningful under hyperlipemic
conditions in which total lipid synthesis is higher.

Since ACAT is the primary

cholesterol esterifying enzyme, the increase in cholesteryl ester synthesis represents
enhanced ACAT activity. This finding is not consistent with previous work.
Maziere et a t (1985) reported that epinephrine decreased cholesteryl ester synthesis
in cultured human fibroblasts. Maximum suppression was 70% at epinephrine
concentrations of 10'^M. Further investigation is necessary to clarigy the effect of
epinephrine on cholesteryl ester synthesis. If the present findings can be replicated
and confirmed, in vascular tissue, increased cholesteryl ester synthesis as a result of
elevated circulating epinephrine could be an important mechanistic link between
psychosocial factors and coronary heart disease. The increase in the percentage of
cholesteryl ester synthesis in the presence of epinephrine reported here is small
(4.0%), however, over a long period of time, the cumulative effect of this increase
could be substantial.
Mean percent [1-^C]oleate incorporation into cholesteryl ester in cells
incubated with cortisol was decreased by 10.2% compared to controls (Figure 11).
This finding is consistent with experimental work in rabbits showing that cortisone
injections significantly inhibit lipid deposition in the aorta, despite hyperlipemic
conditions (Oppenheim et al., 1952; Stumpf et aL, 1954; Gordon et al., 1954). The
evidence supporting a significant anti-atherogenic effect of glucocorticoids is
inconsistent with the previously mentionned observation of coronary artery
narrowing in lupus erythematosus patients treated with glucocorticoids (compared to
those not treated with hormones), and other observations linking glucocorticoids to
coronary heart disease. Brindley and Rolland (1989) propose that increased control
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of metabolism by glucocorticoid hormones, relative to insulin, is a common feature
of many physiologic changes associated with coronary heart disease such as insulin
resistance, hyperglycemia, hypertriglyceridemia and hypercholesterolemia. The
results of this study indicate that on a cellular level, cortisol appears to inhibit
cholesteryl ester synthesis. Whether elevated plasma cortisol contributes to
atherogenesis in humans through other mechanisms such as its permissive effect on
the mobilization of lipids by catecholamines, remains to be determined.
Main effects of hormone conditions on CE synthesis must be interpreted
cautiously because of the significant serum x hormone interaction. Simple effects
tests, which examined the effects of hormones on CE synthesis under serum free,
normolipemic and hyperlipemic conditions separately, indicated (a) significantly
reduced CE synthesis in cells incubated with cortisol under normolipemic and
hyperlipemic conditions and, (b) a borderline signficant (p=0.06) increase in CE
synthesis in cells incubated with epinephrine under hyperlipemic conditions. The
results of the simple effects tests are consistent with the main effects reported above.
The serum x hormone interaction for measures of cholesteryl ester synthesis
is shown in Figure 12. Each hormone condition, including controls showed the same
pattern of incorporation in SF, NRS and HRS conditions.

The pattern is

characterized by a small increase in cholesteryl ester synthesis from SF to NRS
conditions and a large increase from NRS to HRS conditions. These changes in
cholesteryl ester synthesis are related to the need for lipid storage in the cell.
Phospholipids
Several investigators have reported norepinephrine and epinephrine
stimulation of phospholipid hydrolysis (Fowler et aL, 1986; Brindley et al., 1988;
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Billah & Michell, 1979) and resynthesis (Hauser & Smith, 1981; Miller & Kowal,
1983).

The stimulated incorporation of radiolabelled precursors (32p) into

phospholipids is a measure of its resynthesis after receptor mediated breakdown of
certain phospholipids. A specific increase in the metabolism of phosphatidylinositol
is a widespread cellular response to activation of certain cell-surface receptors for
hormones and neurotransmitters (Bellah & Michell, 1979). Other investigators have
reported no change in fatty acid esterification into phospholipids in the presence of
norepinephrine (Oberhaensli et al., 1985) and a decrease in cellular phospholipid
content in the presence of epinephrine (Brindley & Ontko, 1988).
In the present study, overall phospholipid synthesis was not significantly
affected by the presence of norepinephrine or epinephrine alone, however, in cells
incubated in the presence of cortisol alone and epinephrine/cortisol, mean percent [11^C]oleate incorporation into phospholipids was increased (p<0.05) compared to the
control condition (Figure 13). Oppenheim et aL (1952) reported increased serum
phospholipids in rabbits in response to cortisone injections.
The signficant serum x hormone interaction indicates the need to interpret
main effects cautiously.

Simple effects tests showed significantly increased

phospholipid synthesis (a) in the presence of cortisol under serum-free and
hyperlipemic conditions and, (b)

in the presence of epinephrine and

epinephrine/cortisol under serum free conditions. The simple effects test are
consistent with the main effects reported above.
Figure 14 shows the serum x hormone interaction for measures of
phospholipid synthesis. As mentioned earlier, phospholipids are a major component
of cell membranes so an increase in percentage phospholipid synthesis to maintain
integrity of the cell membrane is expected under serum-free conditions. In contrast,
under hyperlipemic conditions (HRS), lipid storage is the priority; cholesteryl ester
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synthesis increases dramatically which results in a decrease in percentage
phospholipid synthesis.
Comments
Many factors affect the outcome of cell incubation studies investigating
hormonal effects on lipid synthesis. This may account for conflicting results in the
literature. There are species differences in lipid responses to hormones (Endo et al.,
1991) as well as differing cellular responses to hormones in the same organism
(Kigoshi et al., 1976). High concentrations of a hormone may have an opposite
effect to that of lower concentrations of the same hormone (Palmer et al., 1981).
Long term metabolic effects of hormones may be different from short term effects
(Smith et al., 1976). Carefully designed studies are necessary to control for the
complex relationship between variable affecting hormonal influences on lipid
metabolism.
Svramary
Rat hepatoma cells incubated with epinephrine (lO'^M) exhibited an 4.0%
mean increase in percentage incorporation of [l-^C]oleate into cholesteryl ester
compared to controls, indicating slightly enhanced ACAT activity. The cumulative
effect of a small increase in percentage CE synthesis could be meaningful over a
long period of time and/or under hyperlipemic conditions in which total lipid
synthesis is increased. This finding is not consistent with earlier work and needs to
be confirmed. If confirmed, enhanced ACAT activity in response to epinephrine
provides a possible mechanism directly linking behavior and coronary heart disease.
Incubations containing cortisol (10‘^M) exhibited a 10.2% mean decrease in
percent cholesteryl ester synthesis which is consistent with observations that
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glucocorticoids appear to have anti-atherogenic effects in rabbits. The suggested
relationship between elevated glucocorticoids and coronary heart disease in humans
is inconsistent with these findings. Further investigations may elucidate the validity
of the association and the specific mechanisms by which glucocorticoids influence
atherogenesis. Incubations containing cortisol also increased mean percent
phospholipid synthesis compared to controls.
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CHAPTER V
FINAL SUMMARY
Coronary heart disease (CHD) continues to be a major health problem in the
Western world. Coronary artery atherosclerosis is responsible for most of the
clinical cases of coronary heart disease. Several primary risk factors have been
identified for CHD: age, sex, lipoprotein profile, hypertension, diabetes, cigarette
smoking and obesity. Yet, a significant amount of variability associated with the
incidence of CHD cannot be explained solely on the basis of these factors.
Psychosocial factors, including Type A behavior, social isolation and unstable social
environments, appear to contribute to CHD through enhancement of established risk
factors and independent of them. Psychosocial stimuli are mediated through
autonomic and neuroendocrine pathways which can produce profound physiological
changes. The mechanisms which link physiological changes in response to
psychosocial variables and atherogenic processes are not clear.
In this dissertation, literature describing the relationship between
psychosocial factors and CHD, neuroendocrine and autonomic responses to
psychosocial stimuli and potential atherogenic consequences of those responses in
animal models and humans is reviewed. The contributory role of esterification of
cholesterol in the development of atherosclerosis is discussed. Experimental work
with Fu5AH rat hepatoma cells investigating the effects of hormones on the activity
of the enzyme responsible for cholesterol esterification, acylCoA: cholesterol acyl
transferase (ACAT), is presented. Incubation of cells in the presence of epinephrine
91
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very modestly, but significantly increased ACAT activity providing a possible
mechanistic link between responses to psychosocial factors and coronary heart
disease. Incubations containing cortisol significantly decreased ACAT activity
indicating the need to investigate alternate mechanisms by which cortisol may
contribute to atherogenesis.

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.

BIBLIOGRAPHY
Abumrad, N., Perry, P., & Whitesell, R. (1985a). Stimulation by epinephrine of the
membrane transport of long chain fatty acid in the adipocyte. Journal of
Biological Chemistry. 2611(18), 9969-9971.
Abumrad, N., Perry, P., & Whitesell, R. (1985b). Insulin antagonizes epinephrine
activation of membrane transport of fatty acids. Journal of Biological
Chemistry. 261 (7V 2999-3001.
Adams, M., Manuck, S., & Williams, J.(1991). Behavior, ovarian function and
atherosclerosis in nonhuman primates. In A. Shapiro & A. Baum (Eds.),
Behavioral aspects of cardiovascular disease. New Jersey: Lawrence Erlbaum
Associates.
Adlersberg, D. (1959). Adrenocortical hormones and experimental atherosclerosis.
In G. Pincus (Ed.), Hormones and atherosclerosis (pp. 197-204). New York:
Academic Press.
Albus, M., Zellner, A., Bondy, B., Muller-Spahn, F., Engel, R., Ackenheil, M.
(1989). Influence of CPG 361A, propranolol and diazepam on autonomus
reactions to different stressors. Progress in Neuropsvchopharmacologv and
Biological Psychiatry. 13.87-97.
Alexander, N. (1974). Psychosocial hypertension in members of a Wistar rat colony.
Proceedings of the Society for Experimental Biology and Medicine. 146.163169.
Anisman, H. (1984). Vulnerability to depression: contribution of stress. In R. Post &
J. Ballenger (Eds.), Neurobiologv of mood disorders. Baltimore: Williams &
Williams.

Anitschkow, N. (1933). Experimental arteriosclerosis in animals. In E. Cowdry
(Ed.), Arteriosclerosis. New York: MacMillan.
Armstrong, M., Trillo, A., & Prichard, R. (1980). In S.Kalter (Ed.), The use of
nonhuman primates in cardiovascular diseases. Austin: University of Texas
Press.
Bagdade, J. & Stewart, M. (1977). Glucocorticoids and atherogenesis: serum factors
stimulate the proliferation of human arterial smooth muscle cells. Artery. 2,360365.
Balazs, T., Murphy, J., & Grice, H. (1962) The influence of environmental changes
on cardiotoxicity of isoprenaline in rats. Journal of Pharmacy and

93

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.

94
Bell, F.P. (197S). Lipid exchange and transfer between biological lipid protein
stuctures. Progress in lipid Research. 17(2). 207-243.
Bell, F.P. (1983). Effect of chlorpromazine on lipid metabolism in aortas from
cholesterol-fed rabbits and normal rats, in vitro: inhibition of sterol
esterification and modification of phospholipid synthesis. Experimental
Molecular Pathology. 38.336-345.
Bell, F.P. (1984). Diazepam inhibits cholesterol esterification by arterial ACAT and
plasma LCAT, in vitro. Atherosclerosis. 50.345-352.
Bell, F.P. (1985). Effects of antihypertensive agents propranolol, metoprolol,
nadolol, prazosin and chlorthalidone on ACAT activity in rabbit and rat aortas
and on LCAT activity in human plasma in vitro. Journal of Cardiovascular
Pharmacology. Z, 437-442.
Bell, F.P.
(1986).
Arterial cholesterol esterification by acylcoAcholesterolacyltransferase: Its possible significance in atherogenesis and its
inhibition by drugs. Pharmacological control of hvperlipidemia. San
Anotonio: J.R. Prous.
Bell, F.P., & Dunn, C. (1990). Lipid metabolism in the inflammatory lesion of a
mouse model of delayed type hypersensitivity. I. Increased acylcoA:
cholesterol acyltransferase activity as an integral component of the
inflammatory response. Experimental and Molecular Pathology. 53(2). 160166.
Bell, F.P., GammiU, R. & St. John, L. (1992). U-73482: a novel ACAT inhibitor that
elevates HDL-cholesterol, lowers plasma triglycerides and facilitates hepatic
cholesterase in the rat AfllSEQS£l£IQSis»22(2-3), 115-22.
Bell, F.P., & Hubert, E. (1980). Effect of local anesthetics on sterol biosynthesis
and sterol esterification in rat liver in vitro. Biochimica et Biophvsica Acta.
612,302-307.
Bell, F.P., Rothblat, G.H., & Bamberger, M. (1982). The effect of lidocaine on
cholesterol influx, esterification, and accumulation in cultured cells. Canadian
Journal of Biochemistry. 60.967-971.
Berkman, L. (1982). Social networks and analysis of coronary heart disease.
Advances in Cardiology. 2 2 , 37-49.
Berlin, J. & Golditz, G. (1990). A meta analysis of physical activity in the prevention
of coronary heart disease. American Journal of Epidemiology. 132(4). 612628.
Bernard, D., Rodriguez, A., Rothblat, G., & Glick, J. (1990). Influence of high
density lipoprotein on esterified cholesterol stores in macrophages and
hepatoma cells. Arteriosclerosis. 10.135-144.

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.

95
Bernstein, I., Gordon, T., & Rose, R. (1974). Aggression and social controls in
rhesus monkey groups revealed in group formation studies. Folia Primatologv.
2L 81-107.
Bhattacharya, S., Chakravarti, R., & WaiS, P. (1974). Noradrenalin induced
myocardial infarction in monkeys given an atherogenic diet Atherosclerosis.
20,241-250.
Billah, M. Michell, B. (1979). Phosphatidylinositol metabolism in rat hepatocytes
wtimulated by glycogenolytic hormones. Effects of angiotensin, vasopressin,
adrenaline, ionophore A23187 and calcium ion deprivation. Biochemical
Journal. 182(3). 661-668.
Blumenthal, J., Williams, R., Korg, Y., Schamberg, S., & Thompson, L. (1978).
Type A behavior pattern and coronary atherosclerosis. Circulation. 58. 634639.
Bocan, T., Mueller, S., Uhlendorf, P., Newton, R., & Krause, B. (1991).
Comparison of CI-976, an ACAT inhibitor, and selected lipid lowering agents
for antiatherosclerotic activity in iliac-femoral and thoracic aortic lesions. A
biochemical, morphological and morphometric evaluation. Arteriosclerosis
and Thrombosis. 11(6). 1830-1843.
Bohm, R., vanBaak, M., vanHooff, M., Mooy, J., & Rahn, K. (1987). A long term
study of plasma catecholamine levels and plasma renin activity in borderline
hypertension. Journal of Hypertension. 5.655-661.
Booth-Kewley, S. & Friedman, H. (1987). Psychological predictors of heart disease:
a quantitative review. Psychological Bulletin. 1QL343-362.
Booyse, F., Bell, S., Sedlack, B., & Rafelson, M. (1975). Development of an in vitro
vessel wall model for studyiong certain aspects of platelet-vessel (endothelial)
interactions, Arterv. 1 .518-539.
Booyse, F., Sedlack, B., & Rafelson, M. (1975). Culture of arterial endothelial cells:
characterization and growth of bovine aortic cells. Thrombosis et Diathesis
Haemmorrhagica. 34(3). 825-839.
Bom, G.V., Shafi, S., Cusack, N. (1989). Evidience for the acceleration of
atherogenesis by circulating norepinephrine. Transplantation Proceedings.
21(4), 3660-3661.
Bottaro, D., Shepro, D., Peterson, S., Hechtman, H. (1985). Serotonin, histamine
and norepinephrine mediation of endothelium and vascular smooth muscle cell
movement American Journal of Physiology. 248. c252-257.
Brady, J. (1962). Psychophysiology of emotional behavior. In A. Bachrach (Ed.),
Experimental foundations of clinical psychology. New York: Basic Books.

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.

96
Brady, J. (1966). Operant methodology and the production of altered physiological
states. In W. Homig (Ed.), Operant behavior: Areas of research and
application. New York: Appleton-Century Crafts.
Brady, J. (1975). Conditioning and emotion. In L. Levi (Ed.), Emotions-their
parameters and measurement New York: Raven Press.
Brain, P. & Poole, A. (1974). The role of endocrines in isolation-induced intermale
fighting in albino laboratory mice. I: Pituitary-adrenocortical influences.
Aggressive Behavior. 1.39-69.
Breecher, P. & Chan, T. (1980). Properties of acylcoA:cholesterol o-acyltranferase in
aortic microsomes from atherosclerotic rabbits. Biochemica et Biophvsica
Acta. 617.458-471.
Brindle, D. & Rolland, Y. (1989). Possible connections between stress, diabetes,
obesity, hypertension and Altered lipoprotein metabolism that may result in
atherosclerosis. Clinical Science. 77.453-461.
Brindle, N. & Ontko, J. (1988). Alpha adrenergic suppression of VLDL
triacylglycerol secretion by isolated rat hepatocytes. Biochemical Journal.
250(21.363-368.
Brod, J., Fencl, V., & Hejl, A. (1959). Circulatory changes underlying blood pressure
elevations during acute emotional stress (mental arithmetic) in normotensive
and hypertensive subjects. Clinical Science. 18.269-275.
Brown, L. (1966). Home range and movement of small mammals. Symposium of the
Zoological Society of London. 18.11-142.
Buell, J. & Eliot, R. (1979). The role of emotional stress in the development of
heart disease. Journal of the American Medical Association. 242(4). 365-368.
Buell, J. & Eliot, R. (1980). Psychosocial and behavioral influences in the
pathogenesis of acquired cardiovascular disease. [Review]. American Heart
Journal. 100(51.723-740.
Bulkley, B. & Roberts, W. (1975). The heart in systemic lupus erythematosus and
the changes induced in it by corticosteroid therapy. American Journal of
Medicine. 58.243-245.
Cannon, W.B. (1914). The emergency function of the adrenal medulla in pain and
the major emotions. American Journal of Physiology. 33.356-381.
Cannon, W. B. (1922). New evidence for sympathetic control of some internal
secretions. American Journal of Phvsioloev. 33.356-381.
Cannon, W.B. (1936). The role of emotions in disease. Annals of Internal Medicine.
2(11), 1453-1465.

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.

Cannon, W.B. & de le Paz, D. (1911). Emotional stimulation of adrenal secretion.
American Journal of Physiology. ZL 64-70.
Carr, T., Parks, J., & Rudel, L. (1992). Hepatic ACAT activity in African green
monkeys is highly correlated to plasma LDL cholesteryl ester enrichment and
coronary artery atherosclerosis. Arteriosclerosis and Thrombosis. 12(11),
1274-1283.,
Carrol, B. & Curtis, G., Davies, B., Mendels, J., & Sugerman, A. (1976). Urinary
free cortisol excretion in depression. Psychological Medicine. 4 43-50.
Castelli, W., Garrison, R., Wilson, P, Abbott, R., Kalousdian, S., & kannel, W.
(1986). Incidence of coronary heart disease and lipoprotein cholesterol levels:
the Framingham study. Journal of the American Medical Association. 256.
2835-2838.
Cavallero, C., Ditondo, U., Mingazzine, P., Pesando, P., & Spagnoli, L. (1973). Cell
proliferation in the atherosclerotic lesions of cholesterol fed rabbits.

AthsresglerQsis, XL 49-62.

Clarkson, T.B. (1972). Animal models of atherosclerosis. Advances in Veterinary
Science, 16,151-173.
Clarkson, T.B., Lehner, N., Bullock, B., Lofland, H., & Wagner, W. (1976).
Atherosclerosis in New World monkeys. Primate Medicine. & 90-144.
Clarkson, T.B., Middleton, C., Prichard, R., & Lofland, H. (1965). Naturally
occurring atherosclerosis in birds. Annals of the New York Academy of
Science. 127.685-693.
Clarkson, T.B., Prichard, R., Lofland, H., & Goodman, H. (1963). The pigeon as a
laboratory animaL Laboratory Animal Care. 13.767-780.
Clarkson, T.B., Weingand, K., Kaplan, J.R., & Adams, M. (1987). Mechanisms of
atherogenesis. Circulation. 76(suppl I), 1-20 -1-28.
Cobb, S., Rose, R.M. (1973). Hypertension, peptic ulcer, and diabetes in air traffic
controllers. Journal of the American Medical Association. 224,489-492.

Cohen, S. & Reed, H. (1985). Type A behavior and coronary heart disease among
Japanese men in Hawaii. Journal of Behavioral Medicine. £, 343-352.
Coin, C.G. (1993). Noninvasive visualization of coronary arteriosclerosis by
computed tomography. Southern Medical Journal. 86(31.295-296.
Collias, N. (1944). Aggressive behavior among vertebrate animals. Physiological
Zoology. 17.83-123.
Connell, A., Cooper, J., & Redfeam, H. (1958). The contrasting effects of emotional
tension and physical exercise on the excretion of 17-ketogenic steroids and 17ketosteroids. Acta Endocrinologica. 2 7 .179-194.

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.

98
Constantinides,P & Robinson, M. (1969). Ultrastructural injury of arterial
endothelium. II Effects of vasoactive amines. Archives of Pathology. 8 8 .106112.
Constrada, R. (1989). Type A behavior, personality hardiness and cardiovascular
responses to stress. Journal of Personality and Social Psychology. 57f5). 895903.
Cook, L. & Sepinwall, J. (1975). Psychopharmacological parameters of emotion. In
L.Levi (Ed.), Emotions-their parameters and measurement (pp.379-403). New
York: Raven Press.
Cosgriff, S., Diefenbach, A. & Vogt, W. (1950). Hypercoagulability of the blood
associated with adrenocorticotropic hormone and cortisone therapy. American
Journal of Medicne. £,752-756.
Cruz-Coke, R. (1960). Environmental factors and arterial blood pressure. Lancet jj,
885-886.
Cruz-Coke, R. (1987). Correlation between prevalence of hypertension and degree
of acculturation. Journal of Hypertension. 5.47-50.
Dantzer, R. & Mormede, P. (1986). The behavior of swine and its relevance to
cardiovascular research. In H. Stanton & H. Mersman (Eds.), Swine in
cardiovascular research, vol 1 (pp. 64-65). Florida: CRC Press.
Daoud, A., Jarmolych, J., Augustyn, J., & Fritz, K. (1981). Sequential morphologic
studies of regression of advanced atherosclerosis. Archives of Pathology and
Laboratory Medicine, 122,233-239.
Davies, P. (1986). Vascular cell interactions with special reference to the
pathogenesis of atherosclerosis. Laboratory Investigation. 55.5-24.
Day, A. & Proudlock, J. (1974) Changes in aortic cholesterol-esterifying activity in
rabbits fed cholesterol for three days. Atherosclerosis. 19.253-358.
DeBoer, S., Slanger, J. H.„ & van der Gugten, H. J. (1990). Plasma catecholamine
and corticosterone levels during active and passive shock avoidance
behavior in rats: effects of chlordiazepoxide. Physiology and Behavior. 42(6),
125-143.
Dembroski, T.M. (1981). Environmentally induced cardiovascular response in type
A and B individuals. In S. Weiss, A. Herd, M. Fox (Eds.), Perspectives on
Behavioral Medicine. New York:Academic Press.
Dembroski, T., MacDougal, T., Costs, P., & Grandits, G. (1989). Components of
hostility as predictors of sudden death and myocardial infarction in the
Multiple Risk Intervention Trial Psychosomatic Medicine. 51.514-522.

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.

Dess-Beech, N., Linwick, D, Patterson, J., & Overtuer, J. (1983). Immedicate and
proactive effects of controllability and predictability of plasma cortisol
responses to shocks in dogs. Behavioral Neuroscience. 9 7 .1005-1010.
DeVries, V., Schaffer, S., Largis, E., Dutia, M., Wang, C., Bloom, J., Katocs, A.
(1986). Potential antiatherosclerotic agents. Journal of Medicinal Chemistry.
22(7), 1131-1133.
DeWied, D., Delfth, A., Gispen, W., Weijnen, J., Wimersma, G., & Tj. B. (1972).
The role of pituitary-adrenal system hormones in active avoidance
conditioning. In S. Levine (Ed.), Hormones and behavior. New York:
Academic Press.
Dickinson, C. (1991). Neurogenic hypertension (p. 133). Great Britain: Chapman &
Hall Medical
Dimsdale, J., Hackett, T., Hutter, A. Block, P, & Catanzaro, D. (1979). Type A
behavior and angiographic findings. Journal of Psychosomatic Medicine. 23.
173-176.
Dimsdale, J. & Herd, A. (1982). Variability of plasma lipids in response to
emotional arousal. Psychosomatic Medicine. 44(5), 413-430.
Dimsdale, J., Herd, A., Hartley, H. (1983). Epinephrine mediated increases in plasma
cholesterol Psychosomatic Medicine. 45(3), 227-231.
Dimsdale, J. & Moss, J. (1980a). Short term catecholamine response to
psychological stress. Psychosomatic Medicine. 42.493-497.
Dimsdale, J & Moss, J. (1980b). Plasma catecholamines in stress and exercise.
Journal of the American Medical Association. 243.340-342.
Downes, C., Dibner, M., & Hanley, M. (1983). Sympathetic denervation impairs
agonist stimulated phophatidylinositol metabolism in rat parotid glands.
Biochemical Journal. 214(3), 865-870.
Dressier, W. (1990) Lifestyle stress and blood pressure in a southern Black
Dressier, W., (1993). Type A behavior: contextual effects within a southern black
community. Social Science Medicine. 26(3), 289-295.
Duguid, J.B. (1947). Thrombosis as a factor in the pathogenesis of coronary
atherosclerosis. Journal of Pathology. 58.207-212.
Egan, B., Panis, R., Hinderliter, A., Schork, N., & Julius, S. (1987). Mechanism of
increased alpha adrenergic vasoconstriction in human essential hypertension.
Journal of Clinical Investigation. £& 812-817.

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.

Eliot, R. (1979). Stress and the maior cardiovascular disorders. New York: Futura
publishing Co.
Elmadjian, F., Hope, J., 7 Lamson, E. (1957). Excretion of epinephrine and
norepinephrine in varoious emotional states. Journal of Clinical
Endocrinology. XL 608-620.
Ely, D. (1981). Hypertension, social rank, and aortic arteriosclerosis in CBA/J mice.
Physiology and Behavior. 26,655-661.
Endo, M., Hiramoto, T., Ishihata, A., Takanashi, M., Inui, J. (1991). Alpha
adrenoreceptors mediate positive inotropic effect and changers in
phosphatidylinositol metabolism. Species difference in receptor distribution
and die intracellular coupling process in mammalian ventricular myocardium.
Circulation Research. 68(5). 1179-1190.
Engel, R., muller, F., Munch, U., & Ackenheil, M. (1980). Plasma catecholamine
response and autonomic functions during short time psychological stress. In R.
Kvetnansky & L Kopin (Eds.), Catecholamines and stress (pp. 461-466).
Amsterdam: Elsevier.
Erdmann, G., Janke, W., Kochers, S., Terschlusen, B. (1984). Comparison of the
emotional effects of a beta-adrenergic blocking agent and a tranquilizer under
different situational conditions. Neuropsvchobiologv. 12.143-151.
Etkin, W. (1964). Types of social organization in birds and mammals. In W Etkin
(Ed.), Social behavior and organization among vertebrates (pp. 256-297).
Chicago:University of Chicago Press.
Famularo, R., Kinscherff, R., & Fenton, T. (1988). Propranolol treatment for
childhood posttraumatic stress disorder, acute type. American Journal of
Diseases of Children. 142.1244-1247.
Faust, R.A., Cheung, M.C., & Albers, J. (1989). Secretion of cholesteryl ester
transfer protein-lipoprotein complexes by human HepG2 hepatocytes.
Atherosclerosis, TL 77-82.
Fletcher, j., Erwin, K., & Krueger, L. (1990). Fatty acid uptake and catecholamine
stimulated phospholipid metabolism in immortalized airway epithelial cells
established from prinary cultures. Biochemistry International 21(4), 733-740.
Fokkema, D. & Koolhaas, J. (1985). Acute and conditioned blood pressure changes
in relation to social and psychosocial stimuli in rats. Physiology and Behavior.
24,33-38.
Folkow, B. (1982). Physiological aspects of primary hypertension. Physiological
Reviews. 62.347-425.
Folkow, B. (1987). Structure and function of the arteries in hypertension.
American Heart Journal. 114(4 Pt 2), 938-948.

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.

101
Folkow, B. & Rubinstein, E.H. (1966). Cardiovascular effects of acute and chronic
stimulation of the hypothalamic defence area of the rat. Acta Phvsiologica
Scandinavia. ££, 48-56.
Fowler, C., O’Carroll, A., Court, J., & Candy, J. (1986). Stimulation by
norepinephrine of inositol phospholipid breakdown in the rat hippocampus.
Journal of Pharmacy and Pharmacology. 2&(3), 201-8.
Frank, K., Heller, S., Komfield, D., Spom, A., & Weiss, M. (1978). Type A
behavior pattern and coronary atherosclerosis. Journal of the American Medical

Association, 240,761-763.

Frankenhauser, M. (1975). Experimental approaches to the study of catecholamines
and emotion. In L. Levi (Ed.), Emotions-their parameters and measurement.
(pp. 209-234). New York: Raven Press.
Frankenhauser, M. (1983). The sympathetic-adrenal and pituitary-adrenal response
to challenge: Comparison between the sexes. In T.M. Dembroski, T.H.
Schmidt, & G. Blumchen (Eds.), Biobehavioral bases of coronary heart
disease (pp. 91-104). Basel, Switzerland: Karger.
Frankenhauser, M. & Rissler, A. (1970). Effects of punishmnet on catecholamine
release and efficiency of performance. Psvchopharmacologica. 17.378-390.
Frederickson, M. & Blumenthal, J. (1992). Serum lipids, neuroendocrine and
cardiovascular responses to stress is health type A men. Biological Psychology.
34(1), 45-58.
Friedman, B., Oester, Y.T., Davis, O.F. (1955). The effect of arterenol and
epinephrine on experimental arteriopathy. Archives of International
Pharmacodynamics, 102,226-234.
Friedman, E., Hellerstein, H., Eastwood, G., & Jones, G. (1968). Behavior patterns
and serum cholesterol in two groups of normal males. American Journal of
Medical Science. 251237-244.
Friedman, G.D., Ury, H., Klatsky, A., & Siegelaub, A. (1974). A psychological
questionnaire predictive of myocardial infarction: Results from the KaiserPermanente Epidemiologic Study of Myocardial Infarction. Psychosomatic
Medicine. 36.327-343.
Friedman, M. (1989). Type A behavior: Its diagnosis, cardiovascular relation and
the effect of its modification on recurrence of coronary artery disease.
American Journal of Cardiology. M , 12C-19C.
Friedman, M., Byers, S., & Rosenman, R. (1972). Plasma ACTH and cortisol
concentration of coronary prone subjects. Proceedings of the Society for
Experimental and Biology and Medicine. 140.681-685.
Friedman, M., Byers, S., & St. George, S. (1964). Cortisone and experimental
atherosclerosis. Archives of Pathology. 7 7 .142-152.

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.

Friedman, M. & Rosenman, R. (1959). Association of specific overt behavior
pattern with blood and cardiovascular findings. Journal of the American
Medical Association. 169.1286-1296.
Friedman, M., Rosenman, R. & Carroll, V. (1958). Changes in the serum cholesterol
and blood clotting time in men subjected to cyclic variation of occupational
stress. Circulation. 17.852-861.
Friedman, M., S t George, S., Byers, S., & Rosenman, R. (1960). Excretion of
catecholamines, 17-ketosteroids, 17-hydroxy corticoids and 5-hydroxyindole in
men exhibiting a particular behavior pattern (A) associated with high incidence
of clinical coronary artery disease. Journal of Clinical Investigation. 39. 758764.
Fritz, K., Daoud, A., Augustyn, J., & Jarmalych, J. (1980). Morphological and
biochemical differences among grossly-defined types of swine aortic
atherosclerotic lesions induced by a combination of injury and atherogenic diet
Experimental and Molecular Pathology. 2 2 , 61-77.
Fukunishi, L Hattori, H., Imai, Y., Miyake, Y., Miguchi, M., & Yoshimatsu, K.
(1992). Japanese type a behavior pattern is associated with "typus
melancholicus": a study from the sociocultural viewpoint International Journal
of Social Psychology. 2&(4), 251-256.
Funkenstein, D. H. (1956). Nor-epinephrine-like and epinephrine-like substances in
relation to human behavior. Journal of Nervous and Mental Disease. 124.5864.
Garcia-Sainz, J., Fain, J. (1980). Effects of insulin, catecholamines and calcium ions
on phospholipid metabolism in solated white fat cells. Biochemical Journal.
186(31 781-789.
Gebhardt R. (1991). Inhibition of chlesterol biosynthesis by a water soluble garlic
extract in primary cultures of rat hepatocytes. Arzneimittel-Forschung. Jl(8),
800-4.
Gerrity, R. (1981). The role of the monocyte in atherogenesis. L Transition of blood
borne monocytes into foam cells in fatty lesions. American Journal of
Pathology. 103.181-190.
Gerrity, R., Naito, H., Schwartz, C. (1979). Dietary induced atherogenesis in swine,
morphology of the intima in prelesion stages. American Journal of Pathology.
25,775-786.
Glass, D. (1977). Behavior patterns, stress and coronary disease. Hillsdale, NJ:
Erlbaum.
Glass, D. (1981). Type A behavior. Mechanisms linking behavioral and
pathophysiologic processes. In J. Seigrist & M. Halhuber (Eds.), Myocardial
infarction and psychosocial risks. New York: Springer-Verlag.

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.

Goldstein, D. (1981). Plasma norepinephrine in essential hypertension: A study of
studies. Hypertension. 3.48-52.
Gordon, D., Kobemich, S., Gardner, C., McMillan, M., & Duff, G. (1954). The
effect of cortisone on the serum lipids and on the development of experimental
cholesterol atherosclerosis in the rabbit Journal of Experimental Medicine. 99.
371-386.
Gordon, T., Castelli, W., Hjortland, M., Kannel, W., & Dawber, T. (1977).
Predicting coronary heart disease in middle aged and older persons: the
Framingham study. Journal of the American Medical Association. 238.457499.
Gordon, T., Guyton, J., & Kamovsky, G. (1981). Intimal alterations in rat aorta
induced by stressful stimuli Laboratory Investigations. 4 5 .14-27.
Gotto, A. (1993). Dyslipidemia and atherosclerosis: a forecast of pharmaceutical
approaches. Circulation. £2(SuppLm): m 54-59.
Gow, B., McCaskill, M., & Legg, M. (1982). Tender loving care and atheroma in
cholesterol-fed N.Z. white rabbits. Atherosclerosis. 44(1), 121-122.
Grant P. (1990). Hormonal regulation of acute haemostatic response to stress. Blood
Coaguation and Fibrinolysis. 1(3), 299-306.
Grundy, S. & Griffin, A. (1959). Effects of periodic mental stress on serum
cholesterol levels. Circulation. 19.496-498.
Gunn, C.G., Jouvet, M., & King, E. (1955). Effects of reserpine and
chloipromazine on central autonomic vasomotor mechanisms. Circulation. 12.
717.
Haft, J. (1974). Cardiovascular injury induced by sympathetic catecholamines.
Progress in Cardiovascular Diseases. 12(19), 73-86.
Haft, 1, Kranz, P., Albert F., & Fani, K. (1972) Intravascular platelet aggregation in
Haggendaal, J., Johansson, G., Jonsson, L., & Thoren-Tolling, K. (1982). Effect of
propranolol on myocardial cell necroses and blood levels of catecholamines in
pigs subjected to stress. Acta Pharmacologica et Toxicologica. 50,58-61.
Hamm, T.E., Kaplan, J.R., Clarkson, T.B., & Bullock, B.C. (1983). Effects of
gender and social behavior on the development of coronary artery
atherosclerosis in cynomolgus macacques. Atherosclerosis. 48.221-233.
Harbin, T. (1989). The relationship between type A behavior pattern and
physiological responsivity: a quantitative review. Psvchophvsiologv. 20(1),
110-119.

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.

104
Hatch, A., Balasz, T., Wiberg, H., & Grice, M. (1963). Long tern isolation stress in
rats. Science. 142.507.
Hauser, G. & Smith, T. (1981). Characteristics of the norepinephrine-stimulated
phosphatidylinositol turnover in rat pineal cell dispersions. Neurochemical
Research. 6(10). 1067-1069.
Hauss, W., Bauch, H., & Schulte, H. (1990). Adrenaline and noradrenaline as
possible chemical mediators in the pathogenesis of atherosclerosis. Annals of
the New York Academy of Sciences. S2& 91-101.
Haynes, S. & Feinleib, M. (1980). Women, work and coronary heart disease:
Prospective findings from the Framingham heart study. American Journal of
Haynes, S., Feinleib, M., & Kannel, W. (1980). The relationship of psychosocial
factors to coronary heart disease in die Framingham study. American Journal
of Epidemiology. 111. 37-58.
Heathers, G., Al-Muhtaseb, N., & Brunt, R. (1985). The effect of adrenergic agents
on the activities of glycerol 3-phosphate acyltranferase and triglyceride lipase
in the isolated perfused rat heart Journal of Molecular and Cellular
Cardiology. 17(81.785-796.
Heindel, J., Orci, L., & Jeanrenaud, B. (1975). Fat mobilization and its regulation by
hormones and drugs in white adipose tissue. In E. Masoro (Ed.), International
encyclopedia of pharmacology and therapeutics. Pharmacology of lipid
transport and atherosclerotic processes. l(sec.24), 175-373. Oxford: Pergamon.
Helin, P. Lorenzen, L, Garbarsch, C., & Matthiessen, N. (1970). Arteriosclerosis in
rabbit aorta induced by noradrenalin. Atherosclerosis. 12.125-132.
Henry, J.P. (1982). Circulation, neurobiology and behavior. In R.A. Galosy, S. Weiss
& O.A. Smith (Eds.), Developments in neuroscience, vol. 15 (pp. 267-276).
New York: Elsevier Science.
Henry, J.P. (1986). Mechanisms by which stress can lead to coronary heart disease.
Postgraduate Medical Journal. 62(729), 687-93.
Henry, J.P. (1986). Neuroendocrine patterns of emotional response. In R. Plutchik &
H. Kellerman (Eds.), Emotion: theory, research and experiences. voL3. San
Diego: Academic Press.
Henry, J.P. & Cassel, J.C. (1969). Psychosocial factors in essential hypertension.
R^n^epidem iologic and animal experimental evidence. American Journal of
Henry, J., Ely, D., Stephens, P. Ratcliffe, H., Santisteban, G., & Shapiro, A. (1971).
The role of psychosocial factors in the development of arteriosclerosis in CBA
mice. Atherosclerosis. 14.203-218.

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.

Henry, J.P., Ely, D., Watson, F., & Stephens, P. (1975). Ethological methods as
applied to the measurement of emotion. In L. Levi (Ed.), Emotions-their
parameters and measurement ( q p . 4 6 9 - 4 9 7 ) . New York: Raven Press.
Henry, J.P. & Grimm C., (1990). Psychosocial mechanisms of primary
hypertension. Journal of Hypertension. 8.783-793.
Henry, J.P., Liu, Y.Y., Nadra, W.E., Qian, C.G., Mormede, P., Lemaire, V., Ely, D.
& Hendley, E. (1993). Psychosocial stress can induce chronic hypertension in
normotensive strains of rats. Hypertension. 21(5), 714-723.
Henry, J.P. & Meehan, J.P. (1981). Psychosocial stimuli, physiological specificity
and cardiovascular disease. In H. Weiner, M. Hofer, A. Stunkard (Eds.),
Brain, behavior and bodily disease (pp. 305-333). New York: Raven Press.
Henry, J.P., Meehan, J., & Stephens, P. (1967). The use of psychosocial stimuli to
induce prolonged systolic hypertension in mice. Psychosomatic Medicine. 29.
408-432.
Henry, J.P. & Stephens, P. (1977). Stress, health and the social environment New
York: Springer-Verlag.
Henry, J., Stephens, P., Axelrod, J., & Mueller, R. (1971). Effect of psychosocial
stimulation on the enzymes involved in the biosynthesis and metabolism of
noradrenaline and adrenaline. Psychosomatic Medicine. 22(3), 227-237.
Henry, J.P., Stephens, P, & Ely, D. (1985). Psychosocial hypertension and the
defense defeat reactions. Journal of Hypertension. 8.687-697.
Henry, J. P. & Stephens-Larson, P. (1984). Social interaction, salt and hypertension
in mice (with some comments on rats). In W. deJong (Ed.), Handbook of
hypertension, vol.4 (chapter 24). Amsterdam: Elsevier.
Herd, J.A. (1983). Physiological basis for behavioral influences in arteriosclerosis.
In T.M. Dembroski, T.H. Schmidt, & G. Blumchen (Eds.), Biobehavioral basis
of coronary heart disease. Basel, Switzerland: Karger.
Hirsch, E.Z., Maksen, J.A., Gagen, D. (1984). Effects of stress and propranolol on
the aortic intima of rats [abst]. Arteriosclerosis. £ 526.
Houtia, N.E., Maziere, J.C., Maziere, C., & Auclair, M. (1988). Phenothiazines
inhibit chlesteiyl ester formation in J 774 monocyte-like cells. Journal of
Clinical Chemistry and Clinical Biochemistry. 2£L 673-678.
Ignatowsky, A.L(1908). Influence of animal food on the organs of rabbits. S t Peters
Izv. Imp. Vovenno-Med.. 16.154-176.
Irvine, J., Gamer, D., Craig, H., & Logan, A. (1991). Prevalence of type A behavior
in untreated hypertensive individuals. Hypertension. 12(1): 72-78.

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.

106
Jenkins, CD. (1971). Psychological and social precursors of coronary heart disease.
New England Journal of Medicine. 2 8 4 , 244-255 & 307-317.
Jenkins, C.D. (1976). Recent evidence supporting psychologic and social risk
factors for coronary disease. New England Journal of Medicine. 294.987-994
& 1033-1038.
Jenkins, C D ., Tuthill, R.W., Tannenbaum, S.L, Kirby, C. (1979). Social stressors
and excess mortality from hypertensive diseases. Journal of Human Stress. £
29-40.
Jenkins, C., Zyanski, H., & Rosenman, R. (1971). Progress toward a validation of a
computer scored test for the type A coronary prone behavior pattern.
Psychosomatic Medicine. 33.193-202.
Jope, R. & Li, X. (1989) Inhibition of inositol phospholipid synthesis and
norepinephrine stimulated hydrolysis in rat brain slices by excitatory amina
acids. Biochemical Pharmacology. 38(41.589-596.
Josue, M. O. (1904). Les lesions du tissu elastique des arteres dans l'atherone.
Comot Rend Soc Biol. £[,539-541.
Kalbak, K. (1972). Incidence of arteriosclerosis in patients with rheumatoid arthritis
receiving long term corticosteroid therapy. Annals of the Rheumatoid
Diseases. 3 1 .196-200.
Kannel, W. (1988). Contributions of the Framingham study to the conquest of
coronary heart disease. The American Journal of Cardiology. 6 2 .1109-1112.
Kannel, W., Dawber, T., Kagan, A., Revotskie, N., & Stokes, J. (1961). Factors of
risk in the development of coronary heart disease-six year followup
experience: the Framingham study. Annals of Internal Medicine. 55.33-50.
Kannel, W. & Sytkowski, P. (1987). Atherosclerosis risk factors. Pharmacology
Therapeutics. 22(3), 207-235.
Kannel, W.B. & Thom, T. (1979). Implications of the recent decline in
cardiovascular mortality. Cardiovascular Medicine. £ 983-997.
Kaplan, J.R., Adams, M.R., Clarkson, T.B., & Kortnik, D. (1984). Psychosocial
influences on female "protection" among cynomolgus macacques.
Atherosclerosis. 22,283-295.
Kaplan, J., Adams, M., Clarkson, T., Manuck, S., & Shively, C. (1991). Social
behavior and gender in biomedical investigations using monkeys: studies in
atherogenesis. Laboratory Animal Science. 41(41.334-343.
Kaplan, J. & Manuck, S. (1989). The effect of propranolol on behavioral interactions
among adult male cynomolgus monkeys housed in disrupted social groupings.
Psychosomatic Medicine. £L, 449-462.

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.

107
Kaplan, J., Manuck, S., Adams, M., Williams, J., aSelwyn, A. & Clarkson, T.
(1991). Non human primates as a model for evaluating behavioral influences
on atherosclerosis, and cardiac structure and function. In A.Shapiro & A.
Baum (Eds.), Behavioral aspects of cardiovascular disease. New Jersey:
Lawrence Erlbaum & Associates.
Kaplan, J.R., Manuck, S.B., Clarkson, T.B., Lusso, F.M., & Taub, D.B. (1982).
Social status, environment and atherosclerosis in cynomolgus monkeys.
Kaplan, J., Manuck, S., Clarkson, T., & Prichard, R. (1985). Animal models of
behavioral influences on atherogenesis. Advances in Behavioral Medicine. 1,
115-163.
Kaplan, J., Manuck, S., Clarkson, T., Taub, D., & Miller, E. (1983). Social stress and
atherosclerosis in normocholesterolemic monkeys. Science. 220.733-735.
Kaplan J., Pettersson, K., Manuck, S., & Olsson, G. (1991). Role of
sympathoadrenal medullary activiation in initiation and progression of
atherosclerosis. Circulation. £4(suppL 6), V I23-32.
Kathol, R,, Anton, R., Noyes, R., & Gehris, T. (1989). Direct conmparison of
urinary free cortisol excretion in patients with depression and panic disorder.
Biological Psychiatry. 25(7). 873-878.
Katholi, R., Carey, R., Ayers, C., Vaughan, E., Yancey, M., & Morton, C. (1977).
Production of sustained hypertension by chronic intrarenal norepinephrine
infusion in conscious dogs. Circulation Research. 4Q (suppl. 1), 1-118-126.
Keith, R., Lown, B., & Stare, F. (1965). Coronary heart disease and behavior
patterns. Psychosomatic Medicine. 2 1 424-434.
Kigoshi, S., Ito, R. (1976). The in vitro effect of adrenergic agents and related
compounds on triglyceride levels of guinea pig lymphoid cells. Experentia.
22(2), 243-234.
Kimura, T., Takase, Y., Hayashi, K , Tanaka, H., Ohtsuka, L, Saeki, T., Kogushi, M.,
Yamada, T., Fujimori, T., Saitou, L, & Akasaka, K. (1993). Structure-activity
relationship of N-[-2-(dimethylamino)-6-[3-(5-methyl-4-phenyl-lH-imidazoll-Yl)propoxy]phenyl]-N’-pentylurea and analogues. Novel potent inhibitors of
ACAT with antiatherosclerotic activity. Journal of Medicinal Chemistry.
26(11), 1630-1640.
Kirk, R.E. (1968). Experimental design: procedures for the behvioral sciences.
Belmont, CA: Brooks/Cole.
Koolhaus, J. Schumann, T., & Fokkema, D. (1983). Social behavior of rats as a
model for the psychophysiology of hypertension, chapter 22. In T.M.
Dembroski, T.H. Schmidt & G. Blumchen (Eds.), Biobehavioral bases
coronary heart disease. Basel, Switzerland: Karger.

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.

108
Kornitzer, M., Dramaix, M., deBacker, G., & Thilly, C. (1977). Cholesterolemia and
psycho-sociobiological variables. The Belgian multifactor preventive trial in
cardiovascular disease (II). Heart Bulletin. 8.147-154.
Kostandov, E. (1975). Negative emotions and perceptions. In L. Levi (Ed.),
Emotions-their parameters and measurement (p p . 405-420). NewYoik: Raven
Press.
Kosten, T., Mason, J., Giller, E., Ostroff, R., Harkness, L. (1987). Sustained urinary
norepinephrine and epinephrine elevation in post-traumatic stress disorder.
Psvchoneuroendocrinologv. 12(1). 13-20.
Kottke, T., Gatewood, L., Wu., S., & Park, H. (1988). Preventing heart disease: Is
treating high risk sufficient? Journal of Clinical Epidemiology. 41(11), 10831093.
Krantz, D., Sammario, M., Selvester, R., & Matthews, K. (1979). Psychological
correlates of progression of atherosclerosis in men. Psychosomatic Medicine.
4L 467-475.
Kritchevsky, D. (1970). Role of cholesterol vehicle in experimental atherosclerosis.
American Journal of Clinical Nutrition. 23.1105-1110.
Kukreja, B., Datta, B., & Chakravarti, R. (1981). Catecholamine induced aggravation
of aortic and coronary atherosclerosis in monkeys. Atherosclerosis.
291298.
Lande, K., Gjesdaek, I., Fonnstelien, E., Kjeldsen, S., & Eide, L (1985). Effects of
adrenalin infusion on platelet number, volume and release reaction.
Thrombosis and Haemostasis. 54(21.450-453.
Landsberg, L. & Young, J. (1992). Catecholamines and the adrenal medulla. In J.
Wilson & D. Foster (Eds.), Williams textbook of endocrinology. Philadelphia:
Saunders.
Lang, C. (1967). Effects of psychic stress on atherosclerosis in the squirrel monkey.
Proceedings of the Society for Experimental Biology and Medicine. 126. 3034.
Larsson, P.T., Hjemdahl, P., Olsson, G., Angelin, B., & Homstra, G. (1990). Platelet
aggregabiiity in humans: contrasting in vivo and in vitro findings during
sympatho-adrenal activation and relationship to serum lipids. European
Journal of Clinical Investigation. 211(4), 398-405.
Lawler, J. Barber, G., Hubbard, J., & Schaub, R. (1981). Effects of stress on blood
pressure and cardiac pathology in rats with borderline hypertension.
Hypertension. 2» 496-500.
Leary, T. (1941). The genesis of atherosclerosis. Archives of Pathology. 22, 507555.

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.

109
Leathers, C.W., Bond, M.D. & Rudel, L.L. (1978). Effects of ethanol on
dyslipoproteinemia and coronary artery atherosclerosis in non-human primates.
Circulation. 57 & 5 8 .11-77.
Lebovitz, B., Shekelle, R., Ostfeld, A., & Paul, O. (1967). Prospective and
retrospective studies of coronary heart disease. Psychosomatic Medicine. 29.
265-272.
Lei, Y. (1992). Clinical epidemiological study on risk factors of coronary heart
disease in 743 subjects. Chune-Kuo Chung Hsi I Chieh Ho Tsa Chih. 12(71.
394-7,387.
Leon, G., Finn, S., Murray, D., & Bailey, J. (1988). Inability to predict
cardiovascular disease from hostility scores or MMPI items related to Type A
behavior. Journal of Consulting and Clinical Psychology. 56(4). 597-600.
Levi, L. (1970). Emotional stress and sympathoadrenal medullary and related
physiological reactions with particular reference to cardiovascular pathology.
In M. Koster, H. Musaph & P. Visser (Eds.), Psvchosomatics in essential
hypertension (pp. 38-51). Basel: Karger.
Levy, R. (1981). Declining mortality in coronary heart disease. Arteriosclerosis.
312-325.
Lijnen, P. (1992). Biochemical mechanisms involved in the beat blocker induced
changes in serum lipoproteins. American Heart Journal. 124(21:549-556.
Lowry, O.H., Rosebrough, N.J., Fair, A.L. & Randall, R. (1951). A method for
analyzing protein. Journal of Biological Chemistry. 193.265-275.
Lundberg, U. & Frankenhauser, M. (1979). Pituitary adrenal and sympathetic adrenal
correlates of distress and effort Journal of Psychosomatic Research. 2 4 .125130.
Lundberg, U., Hedman, M., Melin, B., & Frankenhauser, M. (1989). Type A
behavior in healthy males and females as related to physiological reactivity and
blood lipids. Psychosomatic Medicine. 51(2), 113-122.
Maeda, S. & Ito, T. (1990). Type A behavior pattern as a risk factor for coronary
heart disease. Japanese Circulation Journal. 54f41.457-463.
Malinow, M., Depaoli, R., Maruffo, C., Stevens, J., Szijan, L, & Kaplan, S. (1965).
The effect of estradiol and hydrocortisone on atherosclerosis in cockerels.
Atherosclerosis Research. 5.403-410.
Malinow, M., McLaughlin, P. Papworth, L., Naito, H., Lewis, L., & McNulty, W.
(1976). A model for therapeutic interventions on established coronary
atherosclerosis in a nonhuman primate. Advances in Experimental Medicine
and Biology. 67.3-31.

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.

Manuck, S., Henry, J.P., Anderson, D., Clarkson, T.B. (1987). Task force 4:
biobehavioral mechanisms in coronary artery disease. Circulation. 2&(suppl 1).
1-158-163.
Manuck, S., Kaplan, J., & Clarkson, T. (1983). Social instability and coronary artery
atherosclerosis in cynomolgus monkeys. Neuroscience and Biobehavioral
Reviews. %, 485-491.
Manuck, S.B., Kaplan, J.R., & Matthews, K.A. (1986). Behavioral antecedents of
coronary heart disease and atherosclerosis. Arteriosclerosis. 6.2-14.
Manuck, S., Kaplan, J., Muldoon, M., Adams, M. Clarkson, T. (1991). The
behavioral exacerbation of atherosclerosis and its inhibition by propranolol. In
P. McCabe, N Scneiderman, T. Field, & J. Skyler (Eds.), Stress, coping and
disease (chap. 3). New Jersey: Lawrence Erlbaum.
Manuck, S., Muldoon, M., Kaplan, J., Adams, M , & polefirone, J. (1989). Coronary
artery atherosclerosis and cardiac responses to stress in cynomolgous monkeys.
In A. W. Siegman & T. Dembroski (Eds.), In search of coronary prone
behavior: bevond type A (pp.207-227). Hillsdale, New Jersey: Lawrence
Erlbaum Associates.
Mark, A. (1990). Regulation of sympathetic nervous system activity in mild human
hypertension. Journal of Hypertension. £ suppl(7), s67-75.
Marmot, & Syme, L. (1976). Accumlturation and coronary heart disease in Japanese
Americans. American Journal of Epidemiology. 1M, 225-246.
Mason, J.W. (1968). Organization of psychoendocrine mechanisms. Psychosomatic
Medicine. 2Q(5) part D, 565-808.
Mason, J. W. (1970). Strategy in psychosomatic research. Psychosomatic Medicine,
32(4), 427-439.
Mason, J. W. (1974). The integrative approach to medicine-implications of
neuroendocrine mechanisms. Perspectives in Biology and Medicine. 12(3),
333-347.
Mason, J.W. (1975a). Clinical psychophysiology: psychoendocrine mechanisms. In
M. Reiser (Ed.), American handbook of psychiatry: organic disorders and
psychosomatic medicinefchapter 24). New York: Basic Books.
Mason, J. W. (1975b). Emotion as reflected in patterns of endocrine integration. In
L. Levi (Ed.), Emotions-their parameters and measurement (pp. 143-181).
New York: Raven Press.
Mason, J.W. (1975c). Psychologic stress and endocrine function. In E. Sachar (Ed.),
Topics in psvchoendocrinologv (p. 14). New York: Stratton.

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.

Ill
Mason, J., Giller, E., Kosten, T., Ostroff, R., Podd, L. (1986). Urinary free-cortisol
levels in posttraumatic stress disorder. The Journal of Nervous and Mental
Disease. 174(31145-149.
Mason, J. Giller, E., Kosten, T., Wahby, V. (1990). Serum testosterone levels in
posttraumatic stress disorder patients. The Journal of Nervous and Mental
Disease. 176(8). 498-502.
Mason, J.W., Mangan, J., Brady, J. (1961). Concurrent plasma epinephrine,
norepinephrine and 17-hydroxycorticosteroid levels during conditioned
emotional disturbances in monkeys. Psychosomatic Medicine. 23.344-353.
Matthews, K. (1988). Coronary heart disease and type A behavior: update on and
alternative to the Booth-Kewley and Friedman (1987) quantitative review.
Psychological Bulletin. JJM,373-380.
Maziere, C. Maziere, J., Mora, L., Gardette, J., & Polonvski, J. (1985). Epinephrine
decreases low density lipoprotein processing and lipid synthesis in cultured
human fibroblasts. Biochemical and Biophysical Research Communications.
122(3), 958-963.
McCabe, W., Hammarsten, J., Schottstaedt, W., Adsett, C., Yamamoto, J., & Wolf,
S. (1959). Elevations of serum cholesterol in man in association with life stress
and independent of diet and exercise. Journal of Laboratory and Clinical
Medicine. 54,922.
McGill, H.(1968). The geographic pathology of atherosclerosis (pp. 1-193).
Baltimore: Williams & Wilkins.
McGill, H. (1984). Persistent problems in the pathogenesis of atherosclerosis.
Arteriosclerosis. 4,443-451.
McMillan, G. & Duff, G. (1948). Mitotic activity in the aortic lesion of experimental
atherosclerosis in rabbits. Archives of Pathology. 4 6 .179-182.
Menotti, A., Keys, A., Kromhout, D., Nissihen, A., Blackburn, H., Fidanza, F.,
Giampoli, S., Karvonen, M., Pekkanen, J., & Punsar, S. (1990). 25 year
mortality from coronary heart disease and its prediction in five cohorts of
middle aged men in Finland, The Netherlands and Italy. Preventive Medicine.
12(3), 270-278.
Menotti, A., Spagnolo, A., Scanga, M., & Dima, F. (1992). Multivariate prediciton
of coronary deaths in a 10 year follow up of an Italian occupational male
cohort Acta Cardiologica. 47(41.. 311-320.
Miller, J. & Kowal, C. (1983). Effects of pentobarbitol and veratidine on
phosphotidylinositol and phosphatidate metabolism in rat parotid acinar cells.
Biochemical Pharmacology. 22(14), 2237-2241.

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.

Minor, L., Rothblat, G., & Glick, J. (1989). Triglyceride and cholesteryl ester
hydrolysis in a cell culture model of smooth muscle foam cells. Journal of
Lipid Research. 30(2). 189-197.
Morin, R., Zempleny, T., & Peng, S. (1987). Metabolism of the arterial w allinfluence of atherosclerosis and drugs. Pharmacology and Therapeutics. 22(3),
237-283.
Morrisett, J., Kim, H., Patsch, J., Datta, S., & Trentin, J. (1982). Genetic
susceptibility and resistance to diet-induced atherosclerosis and
hyperlipoproteinemia. Atherosclerosis. 2.312-324.
Munck, A. (1986). Glucocorticoid physiology, pharmacology and stress. Advances
in Experimental Medical Biology. 1<& 81-96.
Myasnikov, A. (1958). Influence of some factors on development of experimental
atherosclerosis. Circulation. 17.99-105.
Naganuma, S., Sakai, K , Hasumi, K , & Endo, A. (1992). Acterin, a novel inhibitor
of acyl-coA:cholesterol acylytransferase produced by pseudomonas sp.A92.
Journal of Antibiotics (Tokvo). 45(8). 1216-21.
Neaton, J. & Wentworth, D. (1992). Serum cholesterol, blood pressure, cigarette
smoking and death from coronary heart disease. Archives of Internal
Medicine. 152.56-64.
Nedeljkovic, S., Osstojic, M., Grujic, M. Losipovis, V., Keys, A., Menotti, A.,
Seccareccia, F., Land, M., & Kromhout, D. (1993). Coronary heart disease
deaths in in 25 years. The experience in the three Serbian cohorts of the seven
countries study. Acta Cardiologica. 4£(1), 11-24.
Nerem, R., Levessque, M., & Comhill, J. (1980). Social environment as a factor in
diet-induced atherosclerosis. Science. 208.1475-1476.
Oberhaensli, R., Schwendimann, R., & Keller, U. (1985). Effects of norepinephrine
on ketogenesis, fatty acid oxidation and esterification in isolated rat
hepatocytes. Diabetes. 24(8), 774-779.
Oppenheim, E. & Bruger, M. (1952). The effect of cortisone and ACTH on
experimental cholesterol atherosclerosis in rabbits. Circulation. 470-476.
Orth, D., Kovacs, W., & DeBold, C. (1992). The adrenal cortex. In J. Wilson & D.
Foster, (Eds.). Williams textbook of endocrinology. Philadelphia: Saunders.
Palmer, W., Caruso, R., & Oscai, L. (1981). Possible role of lipoprotein lipase in the
regulation of endogenous triacylglycerols in the rat heart Biochemical Journal.
198(1). 159-166.
Patel, C. (1983). A new dimension in the prevention of coronary heart disease. In T.
Dembroski, T Schmidt, & G. Blumchen (Eds.), Biobehaviroal basis of
coronary heart disease. BaselrKarger.

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.

Patel, D.J., Wong, H.Y.C., Newman, H., Nightingale, T., Frasinel, C., Johnson, F.,
Patel, S., & Coleman, B. (1982). Effect of valium (diazepam) on experimental
atherosclerosis in roosters. Artery. 10.237-249.
Pick, R., Katz, L., Century, D., & Johnson, P. (1963). Group isolation and
atherosclerosis in cholesterol-fed cockerels. Circulation Research, 13, 246252.
Prichard, R., Clarkson, T., Goodman, H., & Lofland, S. (1964). Aortic
atherosclerosis in pigeons and its complications. Archives of Pathology. 77.
244-250.
Prichard, R., Lofland, H., & Clatkson, T. (1967). Environmental effects of
cholesterol-fed white cameau pigeons. Laboratory Animal Care. 17.235-239.
Prior, J., Kurtz, D., & Ziegler, D. (1961). The hypercholesterolemic rabbit An aid
to understanding atherosclerosis in man? Archives of Pathology. 7 1 .82-94.
Raab, W. (1943). The pathogenic significance of adrenalin and related substances in
the heart muscle. Experimental Medicine and Surgery, 1,188-225.
Raab, W. (1953). Hormonal and neurogenic cardiovascular disorders. Baltimore:
Williams & Wilkins, Co.
Raab, W. (1961). Sympathetic origin and antiadrenergic prevention of stress induced
myocardial lesions. American Journal of Cardiology. & 203-211.
Raab, W. (1966). Emotional and sensory stress factors in myocardial pathology.
American Heart Journal. 72.538-564.
Ragland, D. & Brand, A. (1989). Coronary heart disease mortality in the Western
Collaborative Group Study. Follow-up experience of 22 years. American
Journal of Epidemiology. 122(3), 462-475.
Rahe, R., Rubin, T., Gunderm, E., & Arthur, R. (1971). Psychologic correlates of
serum cholesterol in man. Psychosomatic Medicine. 33(5). 399-410.
Ratcliffe, H.& Cronin, T. (1958). Changing frequency of arteriosclerosis in
mammals and birds at the Philadelphia Zoological Gardens, Circulation. 18.
41-52.
Ratcliffe, H. & Luginbuhl, H. (1971). The domestic pig: a model of experimental
atherosclerosis. Atherosclerosis. 13.133-136.
Ratcliffe, H., Luginbuhl, W., Schnarr, W., & Chacko, K. (1969). Coronary
atherosclerosis in swine: evidence of a relation to behavior. Journal of
Comparative and Physiological Psychology. 68.385-392.
Ratcliffe, H., Yerasmides, T., & Elliott, G. (1960). Changes in the character and
location of arterial lesions in mammals and birds at the Philadelphia Zoological

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.

Reuber, M.D. (1961). A transplantable bile-secreting hepatocellular carcinoma in
the rat, Journal of National Cancer Institute. 26.891-895.
Review panel on coronary prone behvarior and coronary heart disease (1981).
Coronary prone behavior and coronary heart disease: a critical review.
Circulation. 63.1199-1215.
Rose, R. (1985). Psychoendocrinology. In J. Wilson & D. Foster (Eds.), Williams
textbook of endocrinology (chapter 20). Philadelphia: Saunders.
Rosenbaum, A. & Maruta, T. (1983). Toward a biochemical classification of
depressive disorders. American Journal of Psychiatry. 140.314-317.
Rosenman, R.H. (1978). The interview method of assessment of the coronary prone
behavior pattern. In T.M. Dembroski, S. Weiss, J. Shields, S. Haynes, & M.
Feinlieb (Eds.), Coronary prone behavior. New York: Springer Verlag.
Rosenman, R., Brand, R., Scholtz, R., Friedman, M. (1976). Multivariate prediction
of coronary heart disease during the 8.5 year follow-up in the Western
Collaborative Group Study. American Journal of Cardiology. 37.903-909.
Rosenman, R. & Friedman, M. (1974). Neurogenic factors in pathogenesis of
coronary heart disease. Medical Clinics of North America. 5&(2), 269-279.
Rosenman, R., Friedman, M., & Strauss, R. (1964). A predictive study of coronary
heart disease: The western collaborative group study. Journal of the American
Ross, A., Go, K., Heider, J., Rothblat, G. (1984). Selective inhibition of acyl
coenzyme A: Cholesteryl acyltransferase by compound 58-035. Journal of
Biological Chemistry. 259(2). 815-819.
Ross, R. (1981). Atherosclerosis: a problem of the biology of arterial wall cells and
their interactions with blood components. Arteriosclerosis. 1,293-296.
Ross, R. (1986). Pathogenesis of atherosclerosis. New England Journal of
Medicine. 314.488-492.
Rothblat, G., Naftulin, M., Arborgast, L. (1977). Stimulation of acyl-coA:
cholesterol acyltransferase activity by hyperlipemic serum lipoproteins
(39838). Proceedings of the Society for Experimental Biology and Medicine.
155.501-506.
Roy-Byme, P., Risch, S.G., & Uhde, T. Neuroendocrine effects of diazepam in
normal subjects following brief painful stress. Journal of Clinical
Psvchopharmacologv. £2(5), 331-335.
Rubin, R., Rahe, R., Arthur, R., & Clark, J. (1969). Adrenal cortical activity changes
during underwater demolition team training. Psychosomatic Medicine. 31.
553-564.

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.

115
Rudel, L., Leathers, C., Bond, M., & Bullock, B. (1981). Dietary ethanol-induced
modification in hyperlipoproteinemia and atherosclerosis in non human
primates. Arteriosclerosis. 1 .144-155.
Rudman, D. & Girolamo, M. (1971). Effects of adrenal cortical steroids on lipid
metabolism. In N. Christy (Ed.), The Human adrenal cortex (pp. 241-255).
New York: Harper & Row.
Sachar, E.J. (1967). Corticosteroids in depressive illness: a reevaluation of control
issues and the literature. Archives of General Psychiatry. 17.544-548.
Schwertner, H., Troxler, R., Uhi, G., & Jackson, W. (1984). Relationship between
cortisol and cholesterol in men with coronary artery disease and type A
behavior. Arteriosclerosis. 4.59-64.
Seeman, T. & Syme, L. (1987). Social networks and coronary artery disease: A
comparison of the structure and function of social relations as predictors of
disease. Psychosomatic Medicine. 49.341-354.
Selye, H. (1936). A syndrome produced by diverse noxious agents. Nature. 138.3234.
Selye, H. (1950). Stress. Montreal: Acta.
Selye, H. (1958). The chemical prevention of cardiac necrosis. New York: Ronald
Press.
Sever, P. & Poulter, N. (1989). A hypothesis for the pathogenesis of essential
hypertension: the initiation factors. Journal of Hypertension. 7(suppl. 1), s9sl2.
Shafrir, E., & Steinberg, D. (1960). The essential role of the adrenal cortex in the
response of plasma free fatty acids, cholesterol and phospholipids to
epinephrine injection. Journal of Clinical Investigation. 39.310-319.
Shekelle, R., Hulley, S., Neaton, J., Billings, J., Borhani, N., Gerace, T., Jacobs, D.,
Lasser, N., Mittlemaik, M., & Stamler, J. (1985). The MRFIT behavior pattern
study: IL Type A behavior and incidence of coronary heart disease. American
Journal of Epidemiology. 122.559-570.
Shively, C., Clarkson, T., & Kaplan, J. (1989). Social deprivation and coronary
artery atherosclerosis in female cynomolgus monkeys. Atherosclerosis. 7 7 .8996.
Shively,C. & Kaplan, J. (1984). Effects of social factors on adrenal weight and
related physiology of M acacafascicularis. Physiology and Behavior. 3 3 .777782.
Sholley, M., Gimbrone, M., & Coltran, R. (1976). Cellular migration and replication
in endothelial regeneration. Laboratory Investigation. 41.51-62.

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.

Siegman, A., Dembroski, T., & Ringel, N. (1987). Components of hostility and the
severity of coronaiy artery disease. Psychosomatic Medicine. 42(2), 127-135.
Skold, B. & Getty, R. (1961). Spontaneous atherosclerosis of swine. Journal of the
American Veterinary Medical Association. 139.655-660.
Sliskovic, D. & White, A. (1991). Therapeutic potential of ACAT inhibitors as lipid
lowering and anti-atherosclerotic agents. Trends in Pharmacological Sciences.
12(5), 194-199.
Smith, U., Bostrom, S., Johansson, R.., & Nyberg, G. (1976). Human adipose tissue
in culture V. Studies on the metabolic effects of insulin. Diabetologica. 12(2),
137-143.
Sobel, H. (1962). Stress and emotions in problems bearing on experimental
atherosclerosis. Progress in Cardiovascular Diseases. 4,500-510.
Soffer, L., Iannaccone, A., & Gabrilove, J. (1961). Cushing’s syndrome. A study of
50 patients. American Journal of Medicine. 30.129-139.
Solberg, L. & Strong, J. (1983). Risk factors and atherosclerotic lesion. A review of
autopsy studies. Arteriosclerosis. 2,187-198.
Spence, J. (1987). Hypertension and atherosclerosis: effects of antihypertensive
drugs on arterial flow patterns. Journal of Cardiovascular Pharmacology.
M suppl. 2) 112-115.
Sprafka, J., Folsom, A., Burke, G., Hahn, L., & Pine, P. (1990). Type A behavior and
its association with cardiovascular disease prevalence in blacks and whites: the
Minnesota heart survey. Journal of BehvioralMedicine. 12(1), 1-13.
Sprague, E., Toft, J., & Troxler, R. (1967). Diurnal plasma cortisol variations in
unanesthetized Macaca fascicualris. Federation Proceedings. 35.2686-2688.
Sprague, E., Troxler, R., Peterson, D., Schmidt, R, & Young, J. (1980). Effect of
cortisol on the development of atherosclerosis in cynolmolgus monkeys. In S.
Kalter (Ed.), The use of nonhuman primates in cardiovascular diseases. Austin:
Univerity of Austin Press.
St. Clair, R. (1976). Arterial wall metabolism. Atherosclerosis Review. 1,61-117.
Stamler, J., Pick, R., & Katz, L. (1954). Effects of cortisone, hydrocortisone and
corticotropin on lipemia, glycemia and atherogenesis in cholesterol fed chicks.
Circulation. IQ, 237-240.
Stout, R. (1977a). The effect of insulin and glucose on sterol synthesis by arterial
tissue. Lancet 2.467-468.
Stout R. (1977b). The effect of insulin and glucose on sterol synthesis in cultured
rat arterial smooth muscle cells. Atherosclerosis. 27.271.

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.

Stout, R. (1982). Hormones and atherosclerosis (p. 187). Boston: MTP Press
Limited.
Strawn, W., Bondjers, G., Kaplan, J., Manuck, S., Schwenke, J., Hanson, G.,
Shively, C., & Clarkson, T. (1991). Endothelial dysfunction in response to
psychosocial stress in monkeys, Circulation Research. 68(5). 1270-1279.
Stumpf, H., Wilens, S. (1954). Inhibitory effect of cortisone hyperlipidemia on
arterial lipid deposition in cholesterol fed rabbits. Proceedings of the Society
for Experimental Biology Medicine. ££, 219-223.
Suarez, E., Williams, R., Kuhn, c., Zimmerman, E., & Schanberg, S. (1991).
Biobehavioral basis of coronary prone behavior in middle aged men, Part I I
Serum cholesterol, the type A behavior pattern and hostility as interactive
modulators of physiological reactivity. Psychosomatic Medicine. 53(5). 528537.
Suckling, K.E., Boyd, G.S. & Smellie, C.G. (1982). Properties of solubilized and
reconstituted preparation of acyl CoA:cholesterol acyltransferase from rat liver.
Biochemica et Biophvsica Acta. 710.154-163.
Tagawa, R. & Hosaka, T. (1990). Study of the correlation between type A behavior
in patients with coronary heart disease and extent of coronary atherosclerosis.
Tokai Journal of Experimental and Clinical Medicine. 15(1). 45-50.
Taggart, P., Caruthers, M., & Somerville, W. (1973). Electrocardiograms, plasma
catecholamines and lipids and their modification by oxyprenolol when
speaking before an audience. Lancet. %, 130-134.
Taylor, C., Cox, G., Manalo-Estrella, P., & Southworth, J. (1962). Atherosclerosis
in rhesus monkeys. IL Arterial lesions associated with hypercholesterolemia
induced by dietary fat and cholesterol. Archives of Pathology. 7 4 .16-34.
Thomas, C.B., Ross, D.C., Duszynski, K.R. (1975). Youthful hypercholesterolemia:
its associated characteristics and role in premature myocardial infarction. John
Hopkins Medical Journal. 126, 193-208.
Thomas, P., Goodwin, J.M., & Goodwin, J.S. (1985). Effect of social support in
stress related changes in cholesterol level, uric acid level and immune function
in an elderly sample. American Journal of Psychiatry. 142(6), 735-737.
Timio, M., Verdecchia, P., Venanzi, S., Gentili, S., Ronconi, M., Francucci, B.,
Montanari, M., & Bichisao, E. (1988). Age and blood pressure changes. A 20
year followup study of nuns in a secluded order. Hypertension. 12(4), 457-461.
Tomoda, H., Nishida, H., Masuma, R., Cao, J., Okuda, S., & Omura, S. (19910.
Purpactins, new inhibitors of acylcoA:cholesterolacyltransferase produced by
penicillum purpurogenum. Journal of Antibiotics (Tokyo). 44(2), 136-143.

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.

Troxler, R., Sprague, E., Albanese, R., Fuchs, R., & Thompson, A. (1977). The
association of elevated plasma cortisol and early atherosclerosis as
demonstrated by coronary angiography. Atherosclerosis. 2 6 .151-162.
Tuck, M. (1986). The sympathetic nervous system in essential hypertension.
American Heart Journal. 112.877-886.
Tuck, M., Stem, N. & Sowers, T. (1985). Enhanced 24-hr norepinephrine and renin
secretion in young patients with essential hypertension: relation with the
circadian pattern of arterial blood pressure. American Journal of Cardiology.
5 5 , 112-115.
Uhley, H., Friedman, M., & Ayello, C. (1957). Atherosclerotic response of
"aggressive" and "passive" groups of chickens to a cholesterol enriched diet.
Proceedings of the Society for Experimental Biology and Medicine. 96. 244246.
vanDooman, L. (1980). The coronary risk personality: psychological and psychophysiological aspects. Psvchotherapeutics and Psvchosomatics. 34.204-215.
vanDoomen, L. & vanBlokland, R. (1987). Serum-cholesterol: sex specific
psychological correlates during rest and stress. Journal of Psychosomatic
Research. 31(2). 239-249.
Visintainer, M.A., Volpicelli, J. & Seligman, M. (1982). Tumor rejection in rats after
inescapable or escapable shock. Science. 216(4544). 437-439.
Vogel, W., Miller, J., DeTurck, K., Routzahn, B. (1984). Effects of psychoactive
drugs on plasma catecholamines during stress in rats. Neuropharmacologv.
22(9), 1105-1108.
vonEuler, U.S. (1959). Autonomic neuroeffector transmission. In J. Field (Ed.),
Neurophvsiologv (pp. 215-237). Washington, D.C.: American Physiological
Society.
Ward, M., Stefford, S., Parker, D., Chemey, B., Taylor, D., Keegan, D., & Barchas,
J. (1983). Epinephrine and norepinephrine responses in continuously collected
plasma to a series of stressors. Psychosomatic Medicine. 45,471-486.
Webb, R., Johnson, J., Vander, A., & Henry, J.P. (1983). Increased vascular
sensitivity to angiotensin II in psycbosocially hypertensive mice.
Hypertension. 5(suppL 1), 1165-1169.
Weidner, G., Sexton, G., McLellam, R., Conner, S., Matarazzo, J. (1987). The role
of type A behavior and hostility in an elevation of plasma lipids in adult
women and men. Psychosomatic Medicine. 49(29). 136-145.
Weiner, H. (1976). Lessons taught by experimental high blood pressure research.
Psychosomatic Medicine, 38(5), 297-299.

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.

Weiner, H. (1979). Psychobiology o f essential hypertension, s a i l - New York:
Elsevier.
Weinstein, R. & Stemeiman, M. (1981). Hormonal requirements for growth of
arterial smooth muscle cells in vitro: an endocrine approach to atherosclerosis.
Science. 212.818-820.
Weiss, J.M. (1972). Psychological factors in stress and disease. Scientific
American. 226.104-113.
Weiss, J., Goodman, P., & Losito, B. (1980). Behavioral depression produced by an
uncomtrollable stressor: relationship to norepinephrine, dopamine and
serotonin levels in various brain regions. Brain Research Review. 2, 167-205.
Weiss, J. & Simson, P. (1985). Neurochemical basis of stress induced depression.
Psvchopharmacologv Bulletin. 2 L 447-457.
White, R. (1989). Atherosclerosis and arteriosclerosis: human pathology and
experimental animal methods and models (p. 4). Boca Raton, Florida: CRC
Press.
Whittington-Coleman, P.J., Carrier, 0 ., & Douglas, B.H. (1973). The effects of
propranolol on cholesterol-induced atheromatous lesions. Atherosclerosis. 18.
337-345.
Wilens, S., McCluskey, R., Somoza, C. (1956). Inhibitory effect of chlorpromazine
on arterial lipid deposition in cholesterol fed rabbits. Proceedings of the
Society for Experimental Biology and Medicine. 93.121-124.
Williams, R., Haney, T., Lee, K., Kong, Y., Blumenthal, J., & Whalen, R. (1980).
Type A behavior, hostility and coronary atherosclerosis. Psychosomatic
Medicine. 42.
Williams, R., Lane, J., Kuhn, C., Knopes, K., & Scbanberg, S. (1988). Effects of
propranolol on cardiovascular and neuroendocrine responses to mental
arithmetic in type A men. Neuropsychopharmacologv. 1(4), 337-340.
Wilson, E. & Bossert, W. (1971). A primer of population biology. Sunderland
Massachusetts: Sinauer Associates.
Wilson, R., Miller, R., Middleton, C., & Kinder, D. (1982). Atherosclerosis in
rabbits fed a low cholesterol diet for five years. Arteriosclerosis. 2,228-241.
Wolf, S. (1975). Regulatory mechanisms and tissue pathology. In L. Levi (Ed.),
Emotions-their parameters and measurement (pp.619-625). New York: Raven
Press.
Wolff, C., Friedman, S., Hofer, M., & Mason, J.W. (1964). Relationship between
psychological defenses and mean urinary 17-hydroxycorticosteroid excretion
rates. Psychosomatic Medicine. 26(5). 576-591.

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.

Woodside, W. & Ontko, J. (1989). Regulation of triglyceride mobilization in isolated
hepatocytes by dibutyryl cyclic AMP and epinephrine. Journal of
Cardiovascular Pharmacology. 13(suppl. 2), s38-44.
Wright, L. (1988). The type A behavior pattern and coronary heart disease.
American Psychologist 43(11.2-14.
Yang, J., X uJ., Gong, L., Huang, D., Hu, L., Bao, S., Li, Z., & Sheng, J. (1988).
Correlation between type A behavior and coronary angiographic findings in
100 cases of coronary heart disease. Chinese Medical Journal. 101(61.419422.
Zanchetti, F. (1976). Hypothalamic control of circulation. In S. Julius & M. Esler
(Eds.l. The nervous system in arterial hypertension. Springfield: Thomas..

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.

